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The ‘Bright Gas Quenching” zone 
of a ‘Surface’ installation in a 


leading tube mill 


has many possibilities of application where rates, 
faster than air cooling, are necessary to produce 
higher physical properties as well as a clean, 
bright metal surface. 








@ ‘Surface’ developed the “Bright Gas Quenching” process as a mea 

producing the desired physicals in S.A.E. X-4130 and NE 8630 Welded 

Aircraft Tubing in quantities sufficient to satisfy the increasing 

for greater aircraft production. The problem was difficult because 

cold rolling and welding operations. Also the heat-treated surf 

to be clean and bright. 

: : By utilizing a chilled, bright-annealing atmosphere, recircu 

The result accomplished by “Bright high velocity through a series of gas nozzles located above an 

Gas Quenching” with the Super- the work, the aircraft specifications for the tubing were met. 

Fast Cooling Zone is shown by the Fast Cooling Zone is located immediately adjacent to the disch 

above curves. of the radiant tube heated furnace, and this zone is follow 

cooling zone for cooling the gas quenched tubes to below the 
ation point. Large production of welded 

3 tubing has been made possible. Clear 

pickling have been eliminated. Naturally, ¢ 








been greatly lowered. 
A bulletin is available on “Bright Ga: 


ver & aAa<aA a eae Saag hose 
SURFACE COMBUSTION CORPORATION - TOLEDO 1, 0H|0 J hi—ii..icinnis sas 
pheres to most common heat treating 


*SPECIAL ATMOSPHERE, RADIANT-TUBE FURNACES FOR: Write for them 


Gas Carburizing and Carbon Restoration (Skin Recovery), Clean and Bright 

Atmosphere Hordening, Bright Gas-Normalizing and Annealing, Dry (Gos) 

Cyaniding, Bright Super-Fast Gas Quenching, Atmosphere Molleableizing, 
Atmosphere Forging, and Specific Effects upon Meta! Surfaces. 
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No Mistaking Ryerson Alloys 


Certified Quality Demands Positive Identification 


All Ryerson alloy steels are doubly identified. 
Each bar is painted with colors which indicate the 
AISI analysis type and the condition of the steel. 
Larger bars are individually stamped, and smaller 
bars are bundled and tagged with a heat symbol 
assigned to the specific heat from which the bars 
are rolled. This double identification is as unmis- 


takable as finger printing. 


All this is important to you because: Each heat of 
alloy steel in Ryerson stocks has been carefully 
selected, and theroughly tested. The exact chem 
ical analysis, as well as the hardenability response 
for that steel are known. This information, to- 
gether with an interpretation of obtainable phys 


ical properties after quenching and drawing 
sembled in the form of an Alloy Steel Report 
is cross referenced with Heat identificati 
copy of the Report is sent with each shipn 
that particular steel. Thus, you receive ste¢ 
is Certified as to quality and performance 

a Report that serves as an accurate guide t 
heat treatment. 


Take advantage of this identified quality 

ceive prompt, personal service. Joseph T. R 
& Son., Inc., Steel-Service Plants: Chicag 
waukee, Detroit, St. Louis, Cincinnati, Cle" 
Pittsburgh, Philadelphia, Buffalo, New 


Boston. 





Bright Annealing 


of Nickel and 


High Nickel Alloys 


For the purposes of this article, the expression 
“high nickel alloys” refers specifically to alloys 
of nickel and copper, nickel and chromium, and 
nickel, chromium and iron, in all of which nickel 
is the major constituent; “bright annealing” is 
defined as a combined heating and cooling proc- 
ess, for complete stress relieving, which yields a 
metallic surface substantially unchanged in 
appearance or quality, when starting with a clean 
and lustrous surface as produced in cold-working 
operations. For example, if a specimen of cold- 
rolled nickel or high nickel alloy strip is heated 
in air, the surface quickly becomes discolored 
with an oxide coating. However, if the same 
specimen is both heated and cooled in a “proper” 
bright annealing atmosphere, the bright surface 
resulting from the previous cold working would 
have been unaffected. 


ror example, a “proper” bright annealing 


} 


iimosphere for nickel or Monel (an alloy con- 


ining approximately 67° nickel and 30° cop- 
per) could be the products of combustion resulting 
irom the burning of natural gas with such a 

ency of air that the resulting gas contains 
ippreciable concentrations of carbon monoxide 
ind hydrogen, say of the order of 4 to 6% in foto, 
th no free oxygen present. Although such 
or “atmospheres” contain appreciable con- 
lions of both carbon dioxide and water 
it so happens that these two compounds 
Monel 


ion of stable oxides during the annealing 


t discolor nickel or through the 


s. Another example would be a gaseous 


By E. M. Kline 
and R. K. Gensler 
Vetallurgists 
Huntington, (W. Va.) Works 
International Nickel Co., Inc. 


atmosphere of nitrogen with a 
small amount of hydrogen at 
least enough hydrogen to react 
with and “fix” 
tent of any air which might be 
carried into the annealing cham- 


the oxygen con 


ber by leakage or adsorbed on 
the surfaces of the metal. 

A “proper” bright annealing 
atmosphere for nickel-chromium 
alloys such as “Inconel” (con 
taining 
nickel and 13% 
one in which oxidizing constitu- 


approximately 80° 
chromium) is 


ents such as carbon dioxide and 
water vapor, as well as free 
oxygen, are absent otherwise 
the metal would be discolored by stable oxides 
forming on the surface during the cooling cycle 
when the metal is within the temperature range 
wherein oxidation occurs but reduction of 
oxides, the counteracting process, cannot. Con 
sequently, for bright annealing such alloys an 
atmosphere of pure hydrogen or a mixture of 
nitrogen and hydrogen, with the latter as the 
major constituent, is preferred. Such gaseous 
atmospheres should be dried to a dew point of at 
60° FP. a0° C, 
an added safeguard against con- 


least ) before entering the fur- 
nace and, as 
tamination from small concentrations of free 
oxygen, it is advisable to pass the gas or gases 
over a heated copper catalyst prior to drying 

The annealing facilities provided at the Hunt 
ington Works of International Nickel Co. when 
this plant was brought into production in 192% 
were composed entirely of the conventional box 
or retort annealing units similar to those used in 
the steel industry. The so-called reducing atmos- 
phere for avoiding oxidation during the cooling 
cycle was derived from charcoal placed inside 
the retorts. All products such as sheet, strip and 
cold-drawn rods were annealed in this manner. 

In 1926, Huntington Works pioneered in the 
field of bright annealing sheet stock by installing 
the first continuous furnace embodying heating 
and cooling in a controlled atmosphere. In this 
installation, a portion of the products of combus- 
tion of the natural gas used for heating the fur- 
nace proper, intentionally combusted with a 


deficiency of air, constituted the atmosphere in 
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the water-cooled cooling chamber. No auxiliary 
cooling of the products of combustion used during 
the cooling cycle, such as pumping the gases 
through a heat exchanger, the 
atmosphere in the cooling chamber was controlled 
by maintaining just sufficient positive pressure 
therein to prevent infiltration of air around the 
shaft seals and at the discharge end. This unit 


is about 175 ft. long 


was provided; 


still in operation inclu- 
sive of approximately 75 ft. of cooling zone) by 
approximately 6 ft. wide on the inside. The work 
is conveyed by heat resisting alloy wheels 
mounted on a series of water-cooled shafts spaced 


Fig. 1 — Roller Hearth Furnace for 


{nnealing of Bars and Tubes in 


(and, alternatively, 


nitrog 


deficiency of air 
atmosphere of approximately 90% 
10% hydrogen). 

In 1930 and 1931, research was being d 
toward the development of the nickel-chi 
alloy introduced to the trade in 1932 as | 
(80 Ni, 13 Cr, 7 Fe). As a part of this res 
program, experimentation was carried oul 
suitable means for bright annealing the 
particularly in the form of strip for which 


ected 


lum 
one] 
irch 


lor a 
illoy. 


here 


appeared to be an immediate potential market 


For the reasons indicated previously, the 
could not be bright annealed in either th: 


Vill 


Lengths, Heated by Banks of Radiant Tubes Both Above and Below the Work. 


Protective atmosphere is vigorously circulated by external and internal fans 


rate ofl 


The 


about 7.5 to 


at approximately 12-in. intervals. 


travel can be varied at will from 
about 30 ft. per min. 

In addition to handling our production of 
sheet, this furnace was utilized for final annealing 
of that the Monel and nickel strip 
which was not to be shipped in coils. The fur- 


nace, of course, was not designed for handling 


port ion of 


products other than flat stock. 

Products other than sheet and strip in 
straight and cut lengths continued to be handled 
in the box annealing units. However, the use ol 
chareoal as a means of producing an annealing 
atmosphere within the box was discontinued in 
favor of a gaseous atmosphere derived from the 


products of combustion of natural gas with a 


annealing units or the “new” continuous 


annealing furnace. 


illoy 


box 


sheet 


The first bright annealing procedure worked 
out for Inconel involved a passivation treatment 


by immersion in hot dilute nitrie acid pri 
in U. S. Patent 


annealing, as disclosed 


1.901.039. 
Experimentation 


was continued, 


with a view to finding a process more adaj 


to commercial production. This led to tl 


hov 


{ 


covery that, in a reducing atmosphere mainta 


substantially free of constituents oxidizi 
respect to Inconel, not only could the al 
bright form be bright annealed but the a 
oxidized form also could be bright ann¢ 


that is to say, the surface oxides could b 
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ind 


‘cted 
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one] 
arch 
or a 
lloy, 
here 
rket. 
illoy 
box 
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reduced. Although the preferred atmos- 


pl was pure hydrogen dried to a dew point ot 
if st 60° F. (—50° C.), it was found that 
hydrogen diluted with nitrogen by synthetic 
ly ng. or by burning hydrogen gas with a 
lef ney of air, or as derived from cracked 


nia, were likewise satisfactory. It was also 
fot that atmospheres of either pure carbon 

cide or pure carbon monoxide diluted with 
nitrogen (both dried to a dew point of at least 

60° F.) were reasonably satisfactory. 

lhe problem then resolved itself into one of 
designing a production unit of the continuous 
type in which the proper atmospheric conditions 
could be maintained throughout the heating and 
The bright annealing of nickel- 
chromium alloy strip in thicknesses up to 4 in 


ling cycles. 


ind widths up to 8 or 9 in. was something that 
the commercial furnace builders had not 
ittempted and, therefore, no suitable units were 
ivailable in the market. 

Because the highly reducing annealing 
itmosphere required was such as would react 
with ordinary refractories at the annealing tem- 
peratures, thus producing compounds oxidizing 
in respect to Inconel, it was essential that the 


rig. Discharge Table for Same Furnace Showing 


How Coils Are Carried Through on Thin Metal Trays 
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metal to be annealed be conveyed through a 
metallic muffle. It was, at the same time, neces 
sary to deliver a product as free as possible from 
surface blemishes which would be the natural 
consequence of contact between work and muflle 
during transit. Consideration of the merits and 
demerits of vertical furnaces versus horizontal 
furnaces for this particular application led to the 
conclusion that the latter was preferable. A novel 
solution to the conveying problem was finally 
reached by designing a flexible and jointed hearth 
of graphite blocks extending from end to end ot 
the heating and cooling chambers. This avoided 
metal-to-metal contact and, since the atmosphere 
had to be substantially free of all oxidizing con 
stituents, the hearth did not deteriorate when hot 
Metal strip was drawn through the furnace by a 
coiler located at the discharge end. 

The drying of gases to a dew point of —60° F 
or better, on an economical basis, was only in its 
infancy in 1932. As a matter of fact, it had been 
anticipated that it would be necessary to resort 
to a rather elaborate installation using anhydrous 
magnesium perchlorate, together with an equally 
elaborate means for regenerating this expensive 
chemical. However, activated alumina becam« 
available almost at the same time this first fur 
nace was constructed, and this material was tried 
in suitable home-made driers and it met all the 
requirements. 

An electrolytic hydrogen plant, installed 
previously for another purpose, furnished an 
ample supply of hydrogen requiring only a slight 
degree of purification, This was done by passing 
the gas over a heated copper catalyst prior to 
drying. In order to assure the highest purity of 
gas for the cooling cycle (when the metal would 
be at temperatures above that at which oxidation 
could take place but below that at which reduc 
tion of oxides could be accomplished) the atmos 
phere was circulated counter-current to the travel 
of the metal being annealed. It was under suffi 
cient positive pressure at all times so that the 
impure gases resulting from reaction with the air 
carried into the furnace with the incoming metal 
was washed out continuously at the inlet end.* 

There are currently five of these units in 
Works for the 
annealing of Monel, nickel and Inconel strip. (Se 


service at Huntington bright 
the view on the next page. For Monel and 


nickel an atmosphere of approximately 90 

nitrogen and 10% hydrogen dried to a dew point 
of not less than —60° F. 20° C.) is used; for 
Inconel an atmosphere of pure hydrogen, likewise 


dried to a dew point of at least —60° F., is used 


*Details of this bright annealing process ar 
disclosed in U. S. Patent No. 2,057,518. 

















In each unit the heating chamber, zoned fot 
temperature control at three points, is approxi- 
mately 20 ft. long and the water-jacketed cooling 
chamber is approximately 37 ft. long. The metal- 
lic muffles originally provided were made of oval 
seamless nickel tubing approximately 9% x 4 in. 
inside dimensions. These have been replaced in 
later years with fabricated nickel muflles resem- 
bling in cross-section the capital letter D, with 
the flat side of the D making the base for the 
has enabled 


graphite hearth. This construction 


the muffles to be increased to 16 in. wide inside, 
and 20-in. wide muflles are contemplated. 
Each 


seals at both the entry and discharge ends, suita- 


unit is, of course, provided with gas 
ble means for pulling the strip at predetermined 
constant speeds (depending upon the type of alloy 
as well as the gage and width involved and 
suitable means for cooling the annealed strip as 
it is discharged. 

Expanding production of cold drawn wire, 
tube, and rod created a need for a continuous 
furnace, capable of bright annealing Monel and 
nickel products in both intermediate and final 
stages. A unit satisfying these requirements was 
completed in December 1944. 

This 


preceding 


the two 


by means of 


newest furnace is shown on 


pages. It is heated 


horizontal radiant tubes of chromium-nickel 


Fig. 3 


Furnace at Huntington Works, International Nickel Co. 


alloy, placed above and below the roller 
Alloy rolls on 12-in. centers convey the n 
Atm 
is provided by an external gas producer, wh 


speeds of from 3 to 60 in. per min. 


burns natural gas with a controlled defici 
air. Oxygen-free gas is thus produced wh 
can be varied in CO + H, content from “n 
23%. 
combustion 
70° F., 

Atmosphere in the 33-ft. heating cham! 


to about The water vapor produ 


is condensed out to a dew p 


and the gas is not dried further. 


kept in circulation by means of three alloy fa 
rotating in a horizontal plane, and mounted 
drive shafts passing through the roof. 

The first 32 ft. of the 75-ft. 
equipped with rapid-cooling features that in 


cooling “i 


a direct water-spraying unit, followed by th 
outside fans in series which circulate the ati 
phere through water-cooled heat exchang 
Any of these fans can be operated as need 
Butterfly dampers adjacent to each of thes 
ing fans are adjusted to maintain a balanced 
of the atmosphere gas, most of which is i 
duced near the middle of the heating zone. 
The furnace has an effective width of ab 
34 in. and a maximum operating temperatui 


1700° F. Automatic three-zone control of t 
heating chamber assists in maintaining a higl 
degree of temperature uniformity. 6 


Power-Driven Coilers at Discharge End of Bright Annealing 


Strip is in- 


terleaved with paper to avoid scratching during subsequent handling 


By Frederick C. Hull 
and Hl. R. Welton 
Vetallurgical Section 
Westinghouse Research Laboratories 
East Pittsburgh, Pa. 


Work Hardened 3. The present writer hed 


Surfaces of 


Fatigue Specimens 


iF HAS BEEN KNOWN qualitatively for some 
time that machining and polishing deform and 
work harden the surface layer of a metal. In a 
bending-fatigue specimen, this effect is important 
because the surface is the most highly stressed 
region and is the place where failure begins. In 
notched fatigue specimens, the importance is 
accentuated because of the stress concentration 
factor at the base of the machined notch. 

Variable results in fatigue testing may have 
been caused by differences in specimen prepara- 
tion and hence differences in surface work hard- 
ening. It was, therefore, decided that measure- 
ments should be made of the depth of penetration 
ol cold work by machining, such measurements 
lo serve as a guide in setting up specifications for 
the preparation of fatigue specimens. 

The depth of penetration of the cold worked 
layer caused by machining may be measured in 
at least three ways: 

|. T. Digges ground a taper along his speci- 
mens of carbon and alloy steel and measured 
diamond pyramid hardness with a 10-kg. load to 
find the depth at which the material was no 
longer hardened by surface working. 

4. Thomassen and McCutcheon used X-rays 
lo gage the depth of cold working of brass by 
machining. They etched away surface material 
until the diffraction patterns no longer showed 
wide lines, evidence of distorted crystals. 


already studied 

effects of grinding and polishing 
by testing such surfaces with 
Tukon and Vickers hardness 
machines. Impressions were 
made with increasing loads until 
the hardness became constant 
The depth of impression at which 
the hardness levels off was taken 
as a measure of the depth of 
work hardening. 

This third procedure prob- 
ably yields a greater depth than 
other methods, but since the 
result is on the safe side (at least 
as far as getling a good fatigue 
specimen is concerned) this may 
This 


plan was followed in the present investigation 


actually be an advantage. 
Two disks, ‘2 in. thick, were cut from a 
fatigue specimen of normalized S.A.E. 1020 steel, 
ground flat on one surface, and the other side 
Specimen A was reduced to 44-in. thick- 
0.020-in.) depth 


planed. 
ness with cuts each of 20-mil 
Specimen B had a series of finishing cuts, respec 
tively 10, 7, 4, 2 and 2 mils each, 

To prepare the machined surfaces of these 
specimens for hardness tests, the deep gouges 
from machining were removed by hand polishing 
on emery paper. Just enough material was 
removed to get below the deepest tool marks 
Specimen A, which had been machined with 
20-mil cuts, cleaned up within a depth of 1.8 mils, 
Specimen B, whose finishing cuts were not as 
deep, cleaned up when 1.1 mils were removed. 
After this operation (with No. 1 paper) a metal 
lographic polish was secured by subsequent work 
with No. 0, 00, and 000 papers, finally finishing 
by holding 3 min. on a wax wheel impregnated 
with 600-mesh alundum, and 3 min. on Selvyt 
cloth using Fisher No. 3 alumina. 

Eight hardness tests were made on the pre 
pared surfaces with the Tukon tester for each 
load of 100, 200, 400, 900 and 1900 g. and with 
the Vickers tester using loads of 2%, 5, 10, 20, 
20 and 100 kg. 
of 100 g. 


size of the areas of ferrite and pearlite in the 


The Knoop impression for a load 
0.084 mm.) corresponded closely to the 
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normalized steel. The individual 
hardness readings at the lightest 
load on Specimen B, for example, 
were found to vary considerably 


from 178 to 252 but it is 
thought that the average of the 
eight readings (204) is fairly 


representative. 

Results are plotted in Fig. 1, 
representing hardness versus 
depth of impression below the pol- 
ished surface. These results indi- 
cate that coarse machining affects 
the material to a somewhat greater 
depth than finer cuts, but even 
the latter 
the steel to a depth of sev- 


work hardens 


IG 
eral mils. An increase in 


hardness of 80 points, 


from about 120 for the 19/6 

undisturbed steel to 2004 oS 

for the machined surface, Is 
e8 


represents a considerable 
degree of deformation 
and proves that methods . \ 
of preparation of fatigue 6 4 
specimens have not been 
sufficiently exacting. ; 
(The procedure has been U 





to take fine finishing cuts 
on the lathe and then pol- O 
the 
emery papers only to the 


ish surface with 


point of removing the 


tool marks and paper 


scratches. ) 


| 
CS “| " 
> 
= t i ™ . 
t KD)OOD VICGKELsS ee | 
8) i ee ; ; 











Fig. 


[$$ ————__—__—__ 


2) 
5 
AUUG 


O4 08 


Nenth f alata. 
LA Ae ‘ 4 A 


2 Depth of Work 
Resulting From Metallographic Polish- 
ing of 70:30 Brass; Initially 157 Dia- 
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Fig. 1 — Hardness Versus Depth of Impres 
sion Below Polished Surface of S.A.E. 120. 
Planed With Cuts 

and Finished With Fine Cuts 


Coarse (Specimen 4 


Specim BR 





Figure 1 shows that prolonged 
polishing is required to get below the 
metal work hardened by the lath 
tool. Approximately 5 mils should be 
taken off the final machined surfac 


of Specimen A and 3 mils off the 
face of Specimen B to get below the 
effects of appreciable surface deforma 
tion and hardening. 


Previous work had shown that 
metallographic polishing causes slight 
work hardening, but compared | 


the effect of 
ble depth and amount. 


machining of neglig 


Figure 2 indi 


cates that hand polishing of 70:30 
brass increased its hardness 5 ti 


165 KHN at the very surface, and th 
increase was less than 3 points Knoo) 
at a depth of 0.5 mil. In contrast with 


this, the hardness increases by 
machining are of the order of 50 


points Knoop on a material of con 


parable hardness. 


Thus, the effects observed an 
plotted in Fig. 1 are the result of 


machining and not of polishing. On 
the basis of these conclusions, ther 
fore, a recommended specification 101 
the finishing of fatigue test specimens 


would be: 


T } 1. Remove successive 
lathe cuts (on the radius 

of 20, 10, 7, 4, 3 and 2 mils 

2. Remove at least 2 


mils by polishing with 
Armour’s alundum abrasiv 
150. 

Remove 2 mils by 
Behr-Man- 
ning emery paper, grit No. | 

!. Polish 


on emery papers No. 0, 00 


grade 
polishing with 


successivels 


7 and 000 twice as long 


| oe L | takes to remove ne 

l2 16 20 scratches from the preced- 
ON, MUS (2.00! In} ing paper. (The materia 
Hardening removed by these three [in 


polishing papers s! 
amount to a total of 


0.5 mil.) 6 
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Hardenability 


and Its 


Estimation 


’ 
(i RRENT interest of metallurgists in the sub- 
ect of hardenability of steel was evidenced by 
ihe symposium held by the Iron & Steel Divi- 
sion of the American Institute of Mining and 
Metallurgical Engineers in New York City on 
This symposium, under the chair- 
M. Loeb, Jr. of Climax Molybde- 
num Co. and Irvin R. Naval 
Research Laboratory, included eight papers by 
some of the most important contributors in this 
field. The meeting opened with 
remarks by M. A. Grossmann, director of research 


October 25. 
manship of ce. 
Kramer of the 


introductory 


| Carnegie-Illinois Steel Corp. and past-president 
§. who pointed out that much of the difference 
{ opinion and practice concerning hardenability 
ind its estimation arises from its as yet empirical 
nature, and from the lack of sufficient suitable 
data. He emphasized that the present interest 
should bring about a more fundamental system 
for computing hardenability from composition. 
He touched upon the uncertainties in such a com- 
putation arising from lack of solution of carbides 
n the steel during its preliminary heating, and 
‘rom failure to analyze for those residual ele- 
ments which may have considerable effect. 
Seven of the eight papers presented during 
the day dealt with the factor method of calculat- 
ig the hardenability of steel from chemical com- 
position, originated by Dr. Grossmann in 1942. 
several 


lhe papers divided themselves into 


groups. Three papers were contributions of new 
lata oncerning the factors for the effects of 


‘arious elements upon hardenability. I. R. 
Kramer, Sidney Siegel, and J. G. Brooks described 
‘continuation of the experimental work by the 
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group at the Naval Research Labo 
ratory, and they pointed out that 
the factor used by Grossmann for 
the influence of carbon on_ the 
hardenability of iron-carbon alloys 
rested upon a somewhat insecure 
basis. If the factor for carbon were 
incorrect, then the manganese and 
silicon factors, which are neces 
sarily based upon the iron-carbon 
factor, would also be incorrect. 
These three investigators measured 
the hardenability of a large number 
of steels by hardness surveys of 
Jominy end-quench specimens 

They found the iron-carbon factor 

to be three times as great as Gross 

mann’s, and that consequently the 
effects of manganese and silicon were less than 
Grossmann had predicted. Another interesting 
point developed from the data from the Naval 
Research Laboratory, which seemed to indicate 
that the linear relation between the effect of each 
alloying element and the percentage of the ele 
ment, reported in the early work, was only a first 
approximation, and that actually the multiplying 
factors for the various elements increase more 
rapidly than the percentage of the elements 
increases. 

In commenting on this paper Dr. Grossmann 
confirmed the larger iron-carbon factor reported 
by the authors, although he did not agree that the 
difference between the actual hardenability of 
iron-carbon alloys and his original estimate was 
as large as a factor of three. This discrepancy as 
to the effect of carbon does not in general invali 
date computations for most medium alloy steels, 
based on Grossmann’s early figures and such 
presentations of them as contained in Metal Prog 
ress Data Sheet No. 29 and the tables computed 
by Joseph Field of Bethlehem Steel Co., 


the combined effects of carbon, manganese, and 


because 


silicon in the normal ranges are the same whether 


the new data or the old data are used. However, 


for very small or very large contents of these 
elements the two sets of factors will give widely 


different results. 

The next matter of a rather unsettling nature 
came from data obtained by G. R. Brophy and 
A. J. Miller of the International Nickel Co., which 
appeared to contradict Grossmann’s fundamental 
assumption of the multiplicative character of the 


effects of alloying elements! These investigators 
















found that nickel, for example, has a greater 
multiplicative effect in high manganese steels 
than in low manganese steels, and in high chro- 
mium steels than in low chromium steels. It was 
pointed out in the discussion, however, that a 
small experimental error would resolve the data 
so that they would fit the multiplicative system. 
In fact, Walter Crafts showed graphs, using modi- 
fied Grossmann factors, which indicated that the 
data of Brophy and Miller were not inconsistent 
with the multiplying principle. Grossmann 
emphasized that these inharmonious data and 
their variable interpretation illustrated the diffi- 
culties in the experimental study of hardenability. 

G. F. Comstock of the Titanium Alloy Mfg. 
Co. presented a paper which cleared some of the 
existing confusion as to the effect of tilanium 
upon hardenability. He correlated the multiply- 
ing factor for titanium with the titanium in solu- 
lion in the austenite, rather than the total 
titanium. Separation of the soluble titanium 
from the insoluble titanium was done by chem- 
ical methods.) Furthermore, he found that the 
carbon tied up with the titanium as insoluble 
carbide should be subtracted from the composi- 
tion, if close correlations between hardenability 
and composition are to be obtained. Comstock 
further showed the relations between austenitiz- 
ing temperature and hardenability when they are 
influenced by the solution of titanium carbide. 


Partially Martensitic Structures 


The second group of papers related to more 
general considerations of hardenability than did 
the first group. Further work from the Carnegie- 
Illinois Steel Corp. pointed out the importance of 
the criterion that was used to measure the hard- 
enability. By microscopic examination of 
quenched Jominy bars, J. M. Hodge and M. A. 
Orehoski determined the relations between the 
Jominy distance for 50% martensite and the dis- 
tances for various other percentages of mar- 
tensite. They found that the Jominy distance at 
which steel fully hardened to 100% martensite 
was considerably less than the distance at which 
it hardened to 50% martensite. Thus, if parts 
are to be fully quenched to martensite, consider- 
ably more hardenability is required than when 
only 50% of martensite is desired. (Grossmann 
originally utilized the 50% criterion because the 
point at which it occurred was easy to measure 
with accuracy.) 

The paper of Hodge and Orehoski also 
included the first quantitative determination ot 
the relations between hardness and per cent of 
martensite (in the Jominy test bar) for steels of 


various carbon contents. The relations 
oped by the authors referred primarily | 
in which the non-martensitic product was 
and not pearlite. They found out that, 
hardenability was calculated by the Gros 
method for the steels they studied, consid 
divergence was obtained between the cal 
and the measured hardenabilities for a , 
structure containing 50% martensite. Th 
ference was attributed to lack of soluti 
carbides, since the calculated hardenability 
much larger than the measured hardena! 
H. W. Gillett of the Battelle Memorial Ins! 
in written discussion, pointed out the importa 
of full hardening to the attainment of optim 
mechanical properties and congratulated 
authors on their paper which recognizes this fa: 
J. H. Hollomon and L. D. Jaffe of the Wat 
town Arsenal Laboratory attributed to a m 
fundamental cause this difference in harde 
ability to produce a half martensitic or a 
martensitic structure. They pointed out 
when the structure is 50 martensite in pla 
carbon steels, pearlite makes up the other ha 
' 


of the structure. In some more complex s 
however, particularly those containing larg 
amounts of molybdenum, the presence of acicul 
bainite rather than fine pearlite limits the harder 
ability. As alloying elements have different effect 
upon the reactions within the austenite whi 
produce pearlite and bainite respectively, a du: 
concept of hardenability was thus suggested 
Instead of defining hardenability in terms 
the effects of alloying elements on the cooli 
rate at which martensite forms, Hollomon an 


} 


Jaffe define it in terms of the cooling rate neces 


sary to avoid either the pearlite or the bainil 
reaction. Such a definition involves two harde! 
abilities, the pearlitic and the bainitic. rl 


authors of this paper pointed out that Grossmann 


as well as subsequent investigators of hard 
ability, usually measured the effects of alloyin 
elements on the pearlitic hardenability — th 
to say, their eiTects on the retardation of pe 
formation during continuous cooling. 
Hollomon and Jaffe then gave an ap] 
mate method for calculating the bainitic ha 
ability, derived from studies of isothe 
measurements of austenite decomposition 
their system molybdenum appears to have 
effect upon the retardation of the bainite rea 
although it does have a large effect in reta 
the pearlite reaction. If the molybdenum is 
to plain carbon steels the hardenability wi 
increase very rapidly, since pearlite limi! 
formation of martensite, and thereafter wil 


a very small effect, as bainite begins t 
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form ation of martensite. This “fading” in the 
(] of molybdenum and chromium has been 
observed by many investigators. 

) attempting to check the predictions based 
upon isothermal measurements, Hollomon and 
Jaffe found that, whereas grain size has no effect 
on bainite reactions as measured isothermally, 
ising the grain size increases the bainitic 
hardenability. This they interpreted as an 
incubation effect, involving nucleation of the 
bainite reaction by ferrite which formed in the 
temperature range of pearlite transformation. 
fhis dependence of the bainitic hardenability 
upon the pearlitic will be a complicating factor 
in establishing the ultimate hardenability system. 


In another paper, these same authors dis- 
cussed the relation of hardenability to quenching 
cracks. They suggested that since a low tempera- 
ture for martensite transformation certainly 
leads to an increased tendency toward quenching 
cracks, it would be desirable to obtain the desired 
hardenability from compositions having the 
highest martensite transformation range. 

From the available data Jaffe and Hollomon 
were able to establish a method wherein com- 
binations of alloying elements could be deter- 
mined to give the desired hardenability with the 
maximum temperature for the start of martensite 
formation. In the discussion, Cyril Wells empha- 
sized that not only composition but also seams, 
lakes, inclusions, and other defects affect the 
susceptibility of a steel to quench-cracking, for 
i given quenching practice. 


Best Hardenability for Least Cost 


This same principle of obtaining an optimum 
combination of elements was applied to the prob- 
lem of cost of alloy steels by H. E. Hostetter of 
the Climax Molybdenum Co. Instead of maxi- 
mizing the Ms or martensite start temperature 
lo obtain minimum quench-cracking, he deter- 
mined the combinations of alloying elements that 
provide a given hardenability at minimum cost. 
Essentially the same method of computing the 
proper combination for minimum cost was used 
which Jaffe and Hollomon used in assessing the 
combination that will lead to minimum quench- 
ing cracks. These papers illustrate the extreme 
importance of determining the proper multiplying 
factors for formulae assessing the influence of 
the various elements. The alloy combinations 
that are cheapest and cause the least trouble in 
treating for a fixed hardenability are greatly 
allected by the hardenability Small 
changes in these factors lead to radically different 
opimum alloy combinations. 


factors. 


In the one paper that did not deal with the 
Grossmann system, Walter Crafts and J. J. 
Lamont of Union Carbide and Carbon Research 
Laboratories reported the results of their con- 
tinuing study of hardenability and of the effects 
of alloying elements upon it. A large number of 
Jominy data from various steels were analyzed 
by these authors, and a simple additive method 
of evaluating the effects of alloying elements was 
developed for predicting the Jominy hardness 
curve from the steel’s chemical composition, This 
system of calculation is wholly independent of 
the Grossmann method and, like it, is completely 
empirical. Crafts and Lamont’s method seems 
to be able to calculate Jominy hardenability 
curves to =6 points on the Rockwell C scale. 
This spread results partly from the error in hard 
ness measurements and partly from actual dilfer- 
ences between observed and calculated hardness 
The authors’ method of calculation thus gives 
only a fairly rough estimate of the hardenability 
of steels in terms of hardness. 

In conclusion, it must be recorded that the 
general tenor of the symposium was more ol 
discussion than of agreement; it was one of con- 
tradiction rather than of concord. As Grossmann 
suggested, part of this lack of agreement is due 
to inadequate data and incomplete experiments, 
while another cause is the lack of any theoretical 
or logical justification for the systems of comput 
ing hardenability from composition. This lack 
of theoretical justification requires the data to be 
treated statistically and does not permit inter- 
polation and extrapolation after the establishment 
of a few critical experimental points. 

A complete and adequate hardenability sys- 
tem must recognize that what is actually being 
measured is the retardation of the pearlite and 
bainite reactions. The final system must also be 
based upon a thorough understanding of how the 
There- 


fore such a system can be evolved only after th® 


alloying elements retard these reactions. 


decomposition of austenite and the effects of 
alloying elements upon this reaction are pretty 
thoroughly understood. 
tinuous cooling as studied by Liedholm*, for 


Decomposition on con- 


example, rather than decomposition at constant 
temperature, is pertinent here. 

The matter is of far 
interest, for an accurate hardenability system 
will permit the metallurgist to choose a steel of 
minimum cost and the minimum tendency toward 


more than academic 


fabrication difficulties, such as quench-cracking, 
while it still has the desired hardenability. eS 
*See Metal Progress, January, 1944, page 94, and 


data sheets for June, September, November, 1944 and 
October. 1945. 
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Kffect of Three 


Variables 


Spot-W elding 


RR esIsTANCE SPOT-WELDING is seldom com- 
pletely understood because it is difficult to think 
clearly in terms of several variables simultane- 
ously. Whatever approach is made, whether it 
be of a purely physical nature taking into con- 
sideration the problems of the heat flow involved 
in welding, or from a practical attitude consider- 
ing only those quantities affecting the weld exter- 
nally, a clear picture is not often forthcoming. 

In an effort to help clarify this picture from 
the practical side, several series of welds have 
been made in the Budd Laboratories under care- 
fully controlled conditions. In each series, all 
the variables under our control were held con- 
stant except one which was varied between limits, 
and its effect on the weld strength and formation 
The variables under control were current, 
Of these, all 


except electrode shape were varied one at a time. 


noted. 
time, tip force, and electrode shape. 


High tensile stainless steel (18-8) sheet 0.075 
in. thick was chosen for this demonstration since 
the quantities affecting the weld are of such mag- 
nitude as to be easily varied. The current, time, 
tip force, and electrode shape, were arranged 
drawing on former experience with the metal 
so as to give a 4600-lb. shear weld when using 
8900 amperes in 12 cycles (0.20 sec.), at a tip force 
of 1900 Ib., with tips dressed to 24%-in. radius, 
°g-in. diameter. 

In the first series (etched cross-sections of 
spots shown on the next page) the time was 
varied, cycle by cycle, to show not only the effect 
of time on weld strength, but also to demonstrate 


the evolution of a normal weld. It is interesting 


in 


By Herbert Van Sciver 
Electrical Engineer, Laboratory 
Edward G. Budd Mfg. Co. 
Philadelphia, Pa. 


to note that the growth of th 
weld is a direct function 6 
time, once the weld has bee; 
formed. At the current den- 
sity used it took four cycles ti 
bring the weld zone up t 
fusion temperature and 
supply the heat of fusion. (At 
higher currents this would 
occur earlier, and at lower cu 
rents it would occur later.) | 
is also interesting that titt] 
or no forging took place befor 
actual fusion. The unfused 

sections have some strengt! 

due to “plastic fusion”, but 

they are brittle bonds and ar 
unreliable in stainless steel. 

In the second series, time and tip force were 
held constant at 12 cycles and 1900 Ib. respe: 
tively, while the current was varied from 3100 
amperes to 11,800 amperes, a current of 8900 
amperes yielding the weld which was used as 
standard of comparison. Apparently a_ balance 
between heat input and heat loss is set up, o1 
nearly so, in 0.075-in. stainless steel in 12 cycles 
since there is no condition of stopping just short 
of a weld in this series as there was in the time 
(The uniform and symmetrical shape of 
Note the difference in 
shape between these and those in the time series. 
It will be noticed that weld diameter and weld 
strength are a direct function of current, 4100 
amperes producing the first real fusion and 11,500 


series. 


the welds bear this out. 


amperes expelling metal under these conditions 
The presence of cavities in some of the welds 
and not in others in these series should not b 
taken as evidence that certain conditions ar 
superior to others in producing sound welds 
X-ray examination of these welds showed that a! 
of the larger ones possessed cavities, but they di 
not all occur in the center of the weld throug! 
which the section was taken. 
The third series shows the effect of va 
tip force while holding current and time con 
Since the contact resistance between two 
tively smooth, clean surfaces is an inverse 
tion of the force applied to them, and th: 
evolved by passing a current through this 
ance for a given time is equal to the prod 
the current squared, the resistance, and th 
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radius 





6400 amp. 


pull 0 lb. 7100 amp. 


pull 700 Ib. 


pull 1350 Ib. 





pull 5000 | 


pull 3200 Ib. 11,800 amp. pull 4500 


Current Study (3100 to 11,800 Amperes 


1900-lb. tip force; 12 cycles; tips % in. diameter and 2% in. radius 
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2760 Ib. 


1500 Ib. pull 4100 Ib. 


3180 lb. 


1900 lb. pull 4600 Ib. 3600 lb 


2340 Ib. pull 4370 Ib. 4000 Ib. 


Tip Force Study (1060 to 4000 lb.) of the Formation 
of a Spot-Weld in 0.075-in. Stainless Steel Sheet 


8900 amp.; 12 cycles; tips % in. diameter and 2% in. radius 


tis evident that the weld development is an inverse function of tip 
lores The force was varied from 1060 to 4000 Ib. in this series. 
Welds made at the two lowest forces developed so much heat that 
metal was expelled. This expulsion of metal has some effect of 
arresting the development of weld diameter, and consequently 
strength, which accounts for the lower strengths of these 
Welds despite the greater heat evolved. As the tip force 
increased above the normal 1900 Ib. the dropping off of weld 
size and strength is very apparent. 

he use of these charts has proved very helpful in 

ining the functions of these three variables to persons 

juainted with resistance spot-welding. They have become 

ally useful when the specific values are ignored, and 

harts used to explain trends in weld development rather 

to attempt to use them as data sheets. Se 
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pull 3450 Ib. 


pull 3270 Ib. 


pull 3040 Ib 








Final Additions 


to an Acid 


Eleetrie Heat 


» 
Puree ARTICLES by the present author have 
been printed in Metal Progress for October 1944, 
December 1944 and September 1945 discussing 
in shop terms the problems of furnace mainte- 
nance, charging and working a heat, and deoxidiz- 
ing a heat of acid electric steel. I will now 
attempt to outline a good practice for meeting 
the required chemical specification, and the rea- 
sons for some of the important recommendations. 

A melter, besides producing clean and sound 
steel, must adjust its chemical composition to 
meet the demands of the consumer. Today when 
alloy steels are coming more and more into use, 
this becomes an increasingly difficult job. Cus- 
tomers are more and more specific in their 
demands for metal of a very definite chemical 
composition. It is not at all uncommon for him 
to specify that the carbon content of the steel 
be within two points, or that the manganese con- 
tent be within a certain ten-point range. This 
article will express the author’s opinions as to 
the best time during a heat when the different 
alloys should be added to steel. 

Fortunately for the melter, three of the alloys 
which are commonly used in steel can be added 
at any time without loss to the slag during the 
steelmaking process. These three alloys are cop- 
per, nickel and molybdenum. Copper is usually 
added to the furnace with the charge, as it is 
then most convenient. Nickel can be added with 
the charge or thrown into the furnace as soon as 
a pool is formed. Molybdenum, since this element 
is usually added as calcium molybdate or molyb- 


By Conrad C. Wissmann 
SF 3/C 
Construction Battalion 
U.S. Navy 


dic oxide, can also be added with th 
charge or thrown into the furnace as 
soon as a pool is formed. If they are 
not put in with the cold charge thes 
three alloys should be added from 1) 
to 30 min. before the heat is tapped 
as may be convenient. This will give 
more than ample time for their solp- 
tion and distribution throughout the 
metal. 

Silicon is usually charged as 50 
ferrosilicon, an alloy containing 

approximately 50% iron and 50% sili. 
con. Usually electric furnace melters 
figure that there is no loss of silicor 
added to the furnace, when the hea! 
is boiled, deoxidized, and the tempera 
ture and slag controlied in a satisfa 
tory manner. However, if the preferred conditions 
do not exist in the furnace, there is certain to b 
a considerable loss of silicon to the slag, up t 
an extreme of half of the amount added. Silicor 
control, therefore, depends on its practically com 
plete recovery, and this in turn requires that 
working and deoxidizing be properly done. 

Enough silicon is added to steel which is 
used for castings to give the metal at least 0.309% 
(preferably 0.40%). Although this alloy very 
readily reacts with oxygen in the steel, there is 
not usually a very great loss of ferrosilicon, fo! 
the slag over the metal at the final stages of the 
heat when the alloy is added is already composed 
primarily of silicon dioxide. Therefore, it has 
little ability to pick up more of this oxide from 
the metal. 

Manganese is usually added as the alloy 
known as ferromanganese. The common grad 
contains approximately 80° manganese, ld 
iron and 7% carbon. This alloy is usually adde 
to the furnace just before the steel is tapped 
The oxide which it forms in the metal, manganes 
oxide, is basic and is very readily picked up }y 
the acid slag (that is, the slag high in SiO 
Therefore, the longer it is held under this slag 
before tapping, the greater will be the loss 

If a steel is to have over 1% mangan 
is usually best to add three-quarters of il 
furnace and the balance in the ladle. 

It is not uncommon for the manganes 
tent to gradually decrease even after the | 
tapped into the ladle, as the steel is being p 


Metal Progress; Page 1296 





th the 


eV are 
these 
mm 15 
ipped, 
il give 
solu- 


it the 


5 504 
uining 

sili- 
elters 
‘ilicon 
» heat 
1pera- 
isfac 
itions 
to be 
up t 
ilicor 
com- 

that 


1, for 
f the 
posed 
t has 
[rom 


alloy 
srade 
13 
dded 
pped 


ines 


rse, the better deoxidized the steel before 
unganese addition, the less will be the loss, 
e manganese will find no oxygen in the 
with which to react. If a manganese con- 
f 0.80% or less is desired, a 15°% excess over 
jount of manganese necessary to raise the 
it to the desired figure is usually added to 
inmace. If the manganese content must 
from 0.80 to 1.50%, the loss of manganese 
If an 
higher manganese is ordered, the loss will 


ary from one-quarter to one-third. 


imes be as high as one-half. 

When the manganese content of the steel is 
raised to over 1.25%, it is very difficult to hold it 
in the metal under an acid slag. Sometimes it is 
good practice to lime the slag before the steel is 
tapped, decreasing the acidity of the slag and 
therefore decreasing its ability to absorb man- 
ganese oxide. 

lt is to be remembered that when manganese 
is added to steel it will also raise the carbon 
content of the steel, since the ferromanganese 
contains 7% carbon. To compensate for this, the 
steel is usually boiled until the carbon has been 
reduced to a sufficient degree below that which 
is necessary in the finished steel. 

Chromium is usually added to the bath after 
ithas been deoxidized (that is, just after the final 
silicon addition) usually as 


This 
boiling action decreases the oxygen content of the 
bath that is, therefore 
many melters will prefer to carbon-up an over- 
oxidized heat with the electrodes. 

Alloys such as aluminum, titanium, Zir- 
added in the 


ous boiling action around the electrodes. 


deoxidizes it and 


conium, vanadium and boron are 
ladle. They are highly reactive and if added in 
the furnace they would be quickly taken up by 
the slag. The common method is to place these 
alloys in a paper sack and throw it into the ladle 
while the steel is being tapped so that the sack 
hits the metal stream. The downward rush of 
liquid will carry these alloys through any slag 
into the metal where they are very readily dis- 
solved, and uniformly mixed. 

It is most important that the melter have a 
rough idea about the analysis of the heat during 
any stage that is, what the carbon, manganese 
and silicon will be, and how they will change as 
the heat progresses. Variation in the chemical 
composition of a typical heat is plotted in Fig 
10, taken from John Juppenlatz’s paper on “Acid 
Electric Furnace Slag Control” read before the 
American Foundrymen’s Association at the 1942 
convention. 

As can be seen from the graph, the manga 


nese and silicon content of the metal will decrease 





This alloy 
contains approximately 68% 


ferrochromium., 
chromium, 6% carbon and 
the balance iron. The loss of 
chromium from the steel is 
not quite as great as manga- 
nese. However, in adding it 
to steel, the same rules are 
usually followed as adding 
the same amount of manga- 
nese. Addition of chromium 
raise the carbon 
content of the metal, unless 
some of the low carbon 
grades of ferrochromium are 


used 


will also 


INO, C80, Yo 


LA 


5 


1D, fel 


VU 


lo bring a soft heat up 

to specification, carbon is 
usually added to the furnace 
48 pig iron, which contains 
a known amount of carbon, 
usually in the neighborhood 
However, there are 

limes when it is better to dip 
the electrodes down into the 
bath and let the steel dissolve 
carbon from them. If this is 
done there is always a furi- 


Ta) 
FU 


Fig. 10 —Graphical Representation of the Changes in Chem- 
ical Composition of the Bath and the Slag Viscosity During 
the Course of a 4-Ton Heat of Carbon Steel. 


(Juppentatz) 
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as the heat progresses, reaching the lowest point are added, the physical properties of t! 
at the start of the boil. This is easy to under- will be good. However, an intermediate 
stand, in the light of what has been said in former of aluminum, usually about 1.0 lb. per t 
articles of this series, since they are continually form intergranular inclusions of a stringy 
being oxidized out of the metal and rising up into which will very adversely affect the physica 
the slag during the early stages of the heat. The erties of the steel. 
carbon however does not decrease to any large A good deal of research has been d 
extent until a certain temperature has _ been this subject, and since the information is 
reached, whereupon the boil starts; then it available, I will only mention the matte: 
decreases rapidly until the boil stops. As was raise a warning signal. Aluminum is a 
pointed out in former articles, if a melter knows valuable reagent in steel making, when it ; 
the carbon content of the heat at any time during intelligently. Some important articles which hay 
the boil, he has an idea as to the amount of appeared on this subject are listed in the footnot 
silicon and manganese left in the steel, since they and for a more detailed account, the reader shou 
will be roughly proportional to the carbon con- obtain these publications.* 
tent. (The manganese content during the boil Getting the aluminum into the bath present 
will be a little less than two-thirds of the carbon some difficulties. Too often the sack of alun 
content.) During the boil the silicon will go num shot, when thrown into the ladle while t 
down to a very low figure, and then gradually heat is being tapped, will not get past the slag 
increase until at the end of the boil it will be or, what is worse, only a part of the amou 
somewhere between 0.05 to 0.10° (depending thrown into the ladle will get into the steel. 1 
on melt-down conditions, nature of scrap, the often, when 2.0 lb. per ton are added, only ab 
condition of the furnace lining, and such vari- half of it actually gets into the steel, and 1) 
ables that make steelmaking as much an art as a will be just enough to produce the undesiral 
science). The manganese content of the metal intergranular inclusions. 
will also increase slightly as the steel becomes Therefore, the safest method of adding a 
more and more deoxidized during the boil. minum is in the hand shanks or small ladles, 
This ratio between the carbon, manganese weighed amount being added to each small p 
and the silicon content almost always holds true. When the steel is poured from the big ladle int 
However, if the scrap charged in the furnace the small ladle, there is no danger of the alum 
is very high in manganese -— which happens but num becoming trapped in the slag, for no slag 
rarely —- then the manganese content in the steel goes with the metal. Another method used | 
will be higher than usual, due to an excess of some shops is to tie aluminum bars on the en 
manganese in the slag. The important thing is of a long steel rod and plunge the steel 1 
to remember this interrelation between carbon, through the slag at the top of the ladle into t! 
silicon and manganese during the boil; it is steel, leaving it there long enough for the alun 
doubly important if you want to hit the manga- num to melt. 
nese specification closely, for if the boil has It is the author’s opinion that unless 
reduced the carbon to a very low amount, then method has been worked out satisfactorily in t! 
the manganese will also have been reduced to a shop that guarantees that all of the alumi 
low amount. Therefore, additional manganese which is weighed up gets into the metal, 





must be added to such a heat to compensate. better practice to add only 0.5 Ib. of alumi 
per ton and thus be on the safe side. Howe\ 
sD in green sand castings there is little doubt b 
Ladle Additions that consistently sounder castings will result 
2 = 2 lb. per ton or more are added. As « 
Final deoxidizers are usually added to the seen from Fig. 6 in the September 1945 a 


ladle. There are a goo nany of ’ available . . 
idle. Phere re " Bo d many ol the m available a very small amount of aluminum will 
aluminum, zirconium, calcium, titanium, vana- 


*“Effect of Aluminum on the Prope 
: . mgs : Medium Carbon Cast Steel,” C. E. Sims and 
aluminum in shot form. Usually it is placed in Dahle, Transactions of the American Found! 
a paper sack and thrown into the stream olf issociation, v. 46, 1938, pp. 65-104. 
metal as the heat is being tapped. “Formation of Inclusions in Steel C: 
Walter Crafts, John J. Egan, and W. D. | 
Technical Publication No. 1184, American | 
; R ; j of Mining and Metallurgical Engineers. 
is added. If less than 0.5 Ib. of aluminum per “Final Deoxidation for Cast Steel.” Walt 
ton of steel is added, the physical properties will — and John J. Egan, booklet by Electro Metal 
be good. Likewise, if 2 lb. of aluminum per ton Cs Oe Us 


dium and boron. The most commonly used is 


The amount of aluminum has a great effect 
on the physical properties of the steel to which it 
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etely remove any FeO that was left after 


th licon and manganese addition; therefore 
t} nall excess will insure a sound casting. 

a great many shops which are consistently 
idding 2.0 lb. of aluminum per ton to their steel 
were to analyze several of their heats, they would 
he prised to find that in many of them only a 
small portion of that aluminum actually got into 
the steel. I repeat, therefore, that it is very 
mportant, for any shop which intends to add 
this much to the steel, to work 


ut a more satisfactory method 
tha just 


throwing a bag of 
shot into the stream of steel 


coming from the furnace. 

It may seem to the reader 
that the author is prejudiced 
n favor of the one smallest 
vidition of aluminum to steel. 
However, the 
problem of getting all of it into 


This 1s not so. 


the steel is one which melters 
flen treat too lightly. 

It should also be mentioned 
that the sulphur content of the 
steel has a great deal to do with 
the degree to which a critical 
aluminum can 
ulversely affect the physical properties of the 


imount of 


steel, since the intergranular inclusions found in 
If the sulphur content 
s low, say 0.03°° or even lower, the ductility of 


such steels are sulphides. 


the steel will not be lowered as much as if the 
sulphur content is up to 0.05% Melters who 
vid the larger amount of aluminum in the ladle 
should remember this, and try to secure scrap 
vith a low sulphur content. 

lt has been found that when a certain amount 
[calcium is added to the metal with the alumi- 

it tends to prevent the formation of the 
amaging inclusions. Calcium is usually added 
‘ a calcium-manganese-silicon alloy or a cal- 


ium-silicon alloy. The first analyzes approxi- 


mately 18 calcium, 9° manganese, 58% silicon 
ind 12 iron; the latter analyzes 30 calcium 


ind 62 silicon. Many who have tried both 


think that the calcium-manganese-silicon alloy 


‘the more effective. Best results will be obtained 
vith this alloy when enough is added to represent 
cium addition of 0.05°, and the author is 
opinion that aluminum and calcium should 

vs be used together. The inclusions then 


ed in the steel have a less stringy nature, 


ire less harmful than the ones described 


ul The use of calcium along with aluminum 
S a cure-all but it does tend to prevent the 


ition of harmful inclusions. 
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There are a great many other ladle deoxt- 
They contain various 
scavengers such as 


They 


dizers on the market. 


amounts of active oxygen 
zirconium, titanium, vanadium and boron 


aluminum, but 


added along with 


are usually 
their use is not very widespread. Zirconium ts 
sometimes used in place of aluminum in steels 
where the sulphur content is high that is, 
around 0.05 and for the same reason as given 
above for the use of calcium. 
The other 
vanadium and 
in the deoxidation of the steel, 
primarily added to 


its hardenability and 


three, titanium, 


boron, also aid 


but are 
increase 
produce a fine-grained steel. It 
is commonly known that the 
grain size of steel can be changed 
from a rather coarse grain to a 
fine grain by increasing the alu 
Fine-grained 


minum addition. 


steel IS usually preferred for 


high 


most purposes except for 


temperature service For this 


reason most metallurgists are 


agreed that steel should have 
enough aluminum added to it to 
make it fine grained, Fine 
grained steels are somewhat tougher after heat 
treatment that is, the impact strength (Izod o1 
Charpy test) of the steel will be higher, and this 
property of resistance to shock is important in 
many, many uses, 

Titanium, vanadium and boron, when added 
to steel in very minute amounts, are much more 
efficient in producing fine-grained steel than alu 
minum. Therefore, in steels which should have 
a high shock resistance, it would be wise to add 
them in the ladle along with the calcium and 
aluminum addition. However, to the author’s 
knowledge it has not been shown that these alloys 
better 


strength and ductility 


give much tensile properties —— that is, 
than a steel which has 
been deoxidized in the ladle by the calcium and 
aluminum addition only, except possibly after a 
rather elaborate heat treatment of the finished 
casting. 

The subject of 


covered very briefly here, since the information 


ladle deoxidizers has been 


as to their effect is readily available from com 
panies which promote the various deoxidizers 
However, this does not mean that the author 
considers this subject relatively unimportant. Too 
many heats have been spoiled by the impropet 
There 


is no other part of the process of steelmaking 


amounts or improper method of addition 


which is more important than this one So 




















Manufacture of 


File Hard 


Precision Gears 


As RECENTLY as four years ago, if anyone 
had claimed to be manufacturing precision gears 
that would withstand files that are C-60 to 62 
hard, he would have been greeted with a chorus 
of “It can’t be done!” Even today, after several 
vears of accelerated research and development of 
new and improved heat treating processes born 
of wartime necessity, there are many who find it 
hard to believe that “‘file-hard” gears (surface 
hardness C-60 to 61 Rockwell) have been and are 
being produced in large quantities for use in 
Allison V-1710 engines and the newer jet engines. 

Early in 1941 we set out to furnish our heat 
treating department with the most modern and 


By W. G. Guthrie 
Works Manager 
Allison Division, General Motors Corp 
Indianapolis, Ind. 


eflicient equipment then availab) 
Since then we have endeavored | 
keep abreast of all the latest develop- 
ments of processes and equipment, s 
that at the present time we beliey 
this department is second to none i 
the industry. 

A general view of the depart- 
ment is shown in Fig. 1. With 
capacity for handling all types 
gears and other parts, and to operat 
on a 24-hr. schedule, the main heat 
treating area occupies approximatel 
18,000 sq.ft. of floor space, and has 
full basement for the oil storage tanks 
and circulating system. 

There are several rather interest 
ing features not found in the usual heat treating 
department. Perhaps the most unusual is the 
fact that the entire area is air-conditioned 
Another feature leading toward cleanliness and 
safety is the layout of the department which is 
designed for modified straight line productio 
with parts moving on cranes, overhead and rollei 
conveyers and traveling successively through 
degreasing, copper plating, carburizing, anneal- 
ing, hardening, degreasing, tempering, shot blast- 
ing, and finally inspecting. 

A centralized control room, with long lines 
of recording and controlling pyrometers, assures 
positive control of all furnace temperatures and 


Fig. 1 — General View of Allison Heat Treating Department With Carburizing and Annealing Fur- 


naces in the Foreground. At left center may be seen the top of the centralized control room enclosure 


Warning 
ind a bell system are connected to notify 


re cycles of quenching presses. 


n at the carburizing furnaces. 

me standards on all of our heat treating 
ions, together with daily curves of case 
, data on re-works, scrap, and production, 
itribute to a high level of efficiency. 


Normalizing the Forging 


vat treatment of Allison aircraft engine 
is a very exacting process and warrants a 


y-step description. 
With a few exceptions our gears are manu- 


c 
rn 


tured from AMS 6250 steel. This is “aircraft 
juality’, carburizing grade (0.10% 


nickel, 14%% chromium steel, No. 5 grain 


carbon), of 


ize or finer, and with maximum hardenability of 
C-41 . in. from the end of the Jominy test bar, 
ind minimum hardenability of C-32 at 6/16. 
Critical gears are machined from forgings 
vhich require normalizing. This is necessary to 
rm a microstructure and hardness that will 
facilitate the machining operations and relieve 
forging stresses. The work is done on trays in 
an electrically heated, pusher type of furnace 
with roller rail hearth and with controlled zone 
temperatures. The weight of the individual forg- 
ing determines the tray capacity. There are three 
zones —a hot zone at 1750° F., the cooling zone 
which approximates an air quench, and the draw- 
ing zone. Temperature of the last mentioned is 
determined from hardenability tests, which are 
run on each heat of forging steel before accept- 
ance. As noted above, furnace tem- 
peratures are regulated from the 
central control room. We have found 
that normalized hardness ranges of 
217 to 255 Brinell for spur gears and 
-41 to 285 for bevel gears are most 
conducive to good machinability. 
After normalizing, forgings are 
shot blasted, spot ground to remove 
forging decarburization, and Brinelled 
100%, after which they are sent to 
the manufacturing area where the 
roughing operations are performed. 
Rough blanks of all bevel gears 
and gears which are to be shaved are 
given further heat treatment at this 
Stage to produce a very fine structure 
and hardness, and to minimize distor- 
tion in the final heat treating opera- 
tions, as follows: 
Blanks are racked on pins held 
Vertically on carrier plates, pushed 
through a roller hearth furnace 


wherein they are heated to 1500° F. in a controlled 
atmosphere, and quenched automatically in a 
refined petroleum oil. Our gears of AMS 6250 
steel give a Rockwell hardness of C-32 to 40 after 
this oil quench; after a 950 to 975° F. draw, the 
hardness averages C-28. Blanks are then shot 


blasted and Rockwell inspected 100 
Copper Plating 


In order to keep certain parts of the gears as 
soft as the core, or the core after it goes through 
C-30 to 40), those parts 


The exposed portion of the 


the hardening processes 
are copper plated. 
gear which will absorb carbon during carburiz 
ing is covered with a specially designed mask; 
this blocks off the plating solution from the por 
tion of the gear which is to be bare and exposed 
See Fig. 3.) 

Careful preparation of the gears before plat 


to carbon penetration. 


ing is very essential. They are washed immedi 
ately after the machining operations and again 
by the plating department before masking. Aftet 
masking they are placed upon special racks, run 
through an “Anodex” cleaner, given a cold wate 
rinse, a muriatic acid dip, another cold wate1 
rinse, then a copper cyanide strike and finally 
they go into a high speed copper plating tank 

With 10 amperes per sq.ft. of plating area, 
30 min. in the plating tank deposits from 0.0005 
to 0.001 in. of copper, which is enough to exclude 
carburization. After unmasking and before car- 
burizing, the gears are run through the same 
cleaning tanks as before, with an additional acid 


9 


Fig. 2 nloading Gear Forgings After Normalizing 
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dip (chromic acid). They are then given a cold 
water rinse, a hot water rinse, and are blown dry 
to prevent rusting. 

Copper plated gears are inspected 100° for 
depth of plating on a General Electric thickness 
gage shown in Fig. 4. There must be at least 
0.0005 in. of copper before the gear is carburized, 


which is the next operation. 
Carburizing 


AMS 6250 steel, used in most of our aircraft 
engine gears, is carburized at a temperature of 
1650° F. Special alloy spacers carry the weight 


and thus prevent distortion while the gears are 


hig. 3 


times and fluid flows which will produce 
case depths to within 0.005 in. for various 
ard furnace loads. Our tests also demon 
that the vent pipes installed on the fu 
helped to eliminate decarburizaltion in trans! 
heats from furnace to cooling pit a very 
tant precaution in order to obtain the har: 
At the end 


carburizing cycle the vent pipes are opened 


face required on Allison gears. 


air is let in on the outside of the retort wal! 
cools it from 1650 to 1500° F. in approxin 
1) min. 

To illustrate 
0.025 to 0.030-in. case depth treatment wi 
“Homo-Carb” fluid 


a typical carburizing cy 


explained: One pint of 


Gear Surfaces Which Are Later to Be Carburized Are Protected by 


Specially Designed Masks While the Rest of the Gear Is Copper Plated. 


Note the different tvpes of gears being masked: also the monorail convever 
I 


at heat. The gears are placed on these spacers 
in the carburizing pot and lowered, by means of 
an electric overhead hoist, into a “Homo-Carb” 
atmosphere controlled furnace (Fig. 5) for car- 
burizing. Case depth is controlled by the time at 
temperature and the flow of carburizing fluid 
into the furnace. 

Exhaustive tests have shown us the furnace 


used each hour while the gears are being bri 
up to 1650° F. 
pints per hr. while the temperature is he 
1650° F. After 2 hr. the vent pipes are 0] 
and in about 45 min. the temperature has d1 
to 1500° F. The heat is then transferred 


cooling pit and cooled for 3 hr. before unlo 


The fluid flow is increased t 


Case depths are checked by test pieces 
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. round stock, 2 in. long. They are placed 
ire about 18 in. long, suspended through 
it cap at the time the furnace is loaded. 
end of the time cycle one of these test pins 
n from the vent cap, quenched, cut, pol- 
and etched in 5% nital. This brings out 
al case depth very clearly, and it can be 

to within 0.001 in. 

er test piece from each load is examined 
laboratory for case depth and maximum 

carl n content before it is released for hardening 
This insures a file-hard surface. 


under a microscope. 


I nealing. 


{nnealing and Hardening 


Some of our gears have to be annealed for 
further machining after carburizing but before 
This annealing is also done in 
The cycle we have found 


being hardened. 
the pit type of furnace. 
to be most successful has a total time of 6 hr. 
and gives a structure that is easily machined. 
Using one pint of “Homo-Carb” fluid per hr. 
throughout the entire cycle, the temperature is 
held at 1380° F. for one hour, vent pipes are 
opened to cool to 1100° F. and this temperature is 
held for two hours. After cooling to 1000° F. the 
load is transferred from the furnace to the floor. 

This annealing cycle, which has been worked 
out at Allison after considerable experimenting, 
gives a Rockwell hardness reading of A-61 to 
A-68, which is very easy to machine and has 
proven quite satisfactory. 

Teeth of bevel and shaved gears are finished 
before they come to the heat treating department 
for carburizing, annealing (if necessary) and 
hardening. Hardness of these gears is assured 
by the Rockwell test and the very rigid inspection 
with a special test file, which covers the entire 
surface and detects the slightest amount of decar- 
burization. Aside from the file test, we also have 
exposed areas of core hardness, some of which 
require further machining. This necessitates a 
most rigid control of furnace atmospheres so the 
carbon content of these surfaces may not be 
changed, or any scale formed. 

\ typical analysis range of the atmosphere 
in the hardening furnace is as follows: 

CO, 1L0to 1.4% 

O. é none 

H,, 10.0 to 45.0° 

CO 17.2 to 18.0% 
Combustibles 1L4to 3.0 

N 33.8 to 39.2° 


to 25° C. (68 to 77° F.) 


Dew point 20 


furnace atmospheres are checked daily and 
sary adjustments made to conform to the 
d analysis. The atmosphere is obtained by 


ing city gas in an electrically heated gen- 


1900° F.. alumina 


impregnated with nickel formate as 


erator at using activated 
a catalyst, 
and cooling the gases before they enter the 
furnace. 

All hardening furnaces are equipped with 
flame curtains, the gas being supplied by the fur 
nace generator. This curtain prevents the furnace 
atmosphere from being contaminated when the 
door is opened. 

A rotary type furnace 
in.) is used for hardening gears which re quire 


(hearth diameter 48 


die-quenching, the gears being loaded on the 
rotating metal hearth one by one, and transferred 
individually to the quenching press after they 
have made the round trip through the hot fur 


Fig. 4— Copper Plated Gears Are Checked on This 
Thickness Gage, Graduated to 0.0001 In., to Insure 
Sufficient Plating to Prevent Carbon Penetration 


nace. Gears which are not die-quenched are 
hardened in a pusher type furnace, like the one 
mentioned above for normalizing rough machined 
blanks, and quenched automatically. 

After hardening, all gears are degreased and 
drawn in a continuous draw furnace with chain 
belt traveling hearth. Temperatures are low 
enough so light-walled tote boxes are used for 
carriers, in which vertical partitions of ply wood 
form compartments for individual gears, thus 


preventing contact one with another. 
Die-Quenching 
Quite a few of our gears require quenching 
in presses which have a closely controlled time 
cycle whose length is governed by the size of the 


gears and is regulated from the central control 


room. Our gears run from 2 to 5 min. in the 
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quenching oil. The oil temperature is controlled thrown from a slinger wheel and can | 
at 100° F. and 100 gal. per min. flow through each trolled in volume. After shot blasting, al 
quenching press. Pressure of the oil from the are inspected 100 dimensionally and \ 
pumps is maintained at 40 Ib. Our oil system by file and Rockwell. Then they are dipp 
has a capacity of 15,000 gal.; filters and coolers rust preventive before being sent to the m 


are located in the basement. All quenching dies turing departments. 
are designed and made at the Allison plant. A 
die crib located in the department has racks for Nitrided Parts 
two sets of dies, the duplicate dies being ready 
for use in case of breakage, to prevent any let- AMS 6470* is the specified steel for n 
down in production, parts. Forgings are normalized by the vendo: 
Our laboratory has a man continually run- are machined into blanks before being give: 
ning specimens through the hardening furnaces ther heat treatment, when they are heat 
and checking the structures. An inspector checks 1700° F. in a controlled atmosphere furna 
the gears from the quenching presses for toler- a time sufficient to insure that they remain 
ance and runout, so it is seldom that a defective temperature for a minimum of 30 min. They 
gear can get through to the next operation before are then quenched in a refined petroleun 
being caught, the die checked, and necessary below a temperature of 200° F. This treatment 
adjustments made. A toolmaker is on duty to vives a hardness range of Rockwell C-52 to 4 
make changes or repairs when occasion arises. A high draw of 1150° F. for 2 hr. 
Allison engine gears are given a shot blast down the desired hardness to Rockwell C-: 
finish in a “Wheelabrator”, which has a rotary 35. After shot blasting and inspection the blanks 
table upon which rubber baskets are mounted to are returned to the manufacturing department 
hold the gears. We use No. 60 shot which is for further machining that may be necessary. 
Final heat treatment 
Fig. 5 — Here the “Homo-Carb” Furnace Is Being Opened After the Gears Are Car- a S sees Me 
burized. Proper use of vent pipes gives a quick cool from 1650 to 1500° F. which cylindrical, pose asia 
lation nitriding furnace 
of the type illustrated in 
Fig. 6. All parts to be 
nitrided are carefully 


eliminates decarburization while transferring heats from furnace to cooling pit 


cleaned to insure freedom 
from oil and other for- 
eign matter. 

After the parts are 
loaded and the lid is 
sealed in an oil seal, the 
furnace is ready to be 
purged of air. Flow ol 





ammonia is continued 
during this purging 
period until the test for 
dissociation indicates al 
least 10% (the furnace 
being at about 800° F.) 


*Aircraft quality steel 
of the following composi 
tion: 0.38 to 0.45% C, 0.40 
to 0.70% Mn, 0.20 to 0.40! 
Si, 1.40 to 1.80% Cr, 0 
1.35% Al, 0.30 to 0.45 
Brinell 229 max. as 
ered, capable of hard 
0.018 in. in 50 hr. nit 
at 975° F., or 0.015 
35 hr., in either case 
ness of 950 Vickers 1 
6.003 in. depth. 
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he power is thrown on the furnace to bring 
it to heat. The entire cycle requires an aver- 
55 hr. of which 48 hr. is the actual nitrid- 
riod and the remainder is purge, heat up, 
ooling time. Cooling is accomplished by 
iting the furnace atmosphere through a 
" jacketed pipe. When the furnace is cool 
the ammonia gas is exhausted through the roof. 
rhis cycle produces a silver-gray surface 
a nitrided depth averaging 0.017 in. which 
tockwells £6 on the 30-N scale. Temperature is 
olled from the central control room and the 
ammonia flow is regulated by means of a flow- 
scope, Which the operator adjusts according to 
sas dissociation readings taken every 2 hr. 
throughout the entire cycle. 
Less Than 144% Scrap 
\ll of us at Allison are proud of the develop- 
ment of our heat treating processes to the point 
where file-hard gears are being produced in quan- 
tity, and at the same time scrap is being held to 
less than half of one per cent. However, it would 
be amiss to leave the impression that this develop- 
ment has been easy. It has been possible only 
through the close cooperation of the vendors and 
our own laboratories in controlling the steel at 
the mill before it gets to the forge shop, plus 
continuous experiments in the positive control of 
furnace atmospheres, temperatures, and time 
eyeles in the heat treating department. In this 
connection we might mention that a close check 








Fig. 6 


1 Battery of Forced Circulation Nitriding Furnaces. 
age cycle time is 55 hr. of which 48 is the actual nitriding period 





is maintained on all temperature controls and 
thermocouples, and that everything is held to an 
accuracy of =10° F. All furnaces are given daily 
visual checks and are checked weekly against a 
potentiometer. Thermocouples are replaced and 
repaired at regular intervals depending upon the 
temperature and atmosphere in the furnace. 

The development of our fast copper plating 
process and design of suitable stop-off masks 
eliminated a great many headaches and broken 
tools, and saved much time and labor. 

Perfection of the die-quenching operations, 
by the use of properly designed dies and control 
of oil temperatures and press cycles, was another 
milestone in the right direction, while the use of 
alloy spacers to prevent distortion in carburizing 
was also a great step forward. 

We also found that the etching of all test 
pins, before pulling a load of gears, gave a much 
more accurate reading than the usual method, 
which is merely to break a pin and estimate the 
depth of the surface layer from the fracture 

Even with the most modern processes and 
the finest heat treating equipment that money 
can buy, no heat treating department could do a 
real precision job without careful and competent 
employees and supervisors who are on their toes 
A large 
share of the credit for the progress the Allison 


and masters of their job at all times. 


division has made in improving the quality and 
durability of gears for aircraft engines rightfully 
belongs to the people who work in the heat treat- 


ing department. i) 
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Raised Yield 


Strength in 


Bend Tests 


we ) 

| ROPORTIONAL LIMIT” of a metal is a 
mechanical property that, in the past, was seldom 
less frequently 


accurately measured and even 


used. In such carefully written documents as 


governmental and national engineering society 
specifications there is a confusion of terms (“pro- 
portional limit”, “elastic limit”, “yield point”, 
“vield strength”, “proof strength”) and in the 
method of This confusion in 
testing terms and methods has led to much trou- 
ble, as pointed out by George P. Lenz, Jr., in 
Metal Progress for February 1942, and because 
of this situation, at least in part, designers of 
which of course must 


determination. 


machines and structures 


manner almost uni- 


act in an elastic have 
versally used a figure for the ultimate strength in 
their formulas, after dividing it by a_ healthy 


figure known as a “factor of safety”. 


By Given Brewer 
Consulting Engineer 
Laguna Beach, Cal. 


Aircraft engineers have led the 
to a much more searching analys 
their structures and engines. A new art 
and science of “stress analysis” has helped 
them to determine the critical loca- 
tion in a part where it will most likely 
reach a dangerous stress concentration 
improved methods of testing have formed 
the basis of this new science, and assured 
its practitioners that their predictions 
were actually fulfilled by the part i 
service. The result has been that a refined 
design is now based on the proporti 
limit of the material used, and the electri 
strain gage, described in detail in Metal 
Progress last July and August, has bee 
a most potent instrument to determine this impor- 
tant property. 

According to the A.S.T.M. Standards | 
1944, Part I, Metals, page 1009, the proportiona 
limit is “the greatest stress which a material is 
capable of developing without a deviation from 
the law ol proportionality of stress to strain 
(Hooke’s law)”. As is well known, its accurat 
determination requires an accurate measurement! 
of unit load and corresponding unit stretch on 
the test piece, the plotting of the results, and th 
estimation of the point of tangency between pro 
portionality and non-proportionality. 

Most of such tests are made on tensile spec! 
mens and the fact is littl known that when 
solid round or square bar is tested in bending 
the stress at the outside fiber may reach a valu 
40 to 65% above the tensile proportional limil 

of the material before the bar suffers a perma- 


| 


nent set. This phenomenon of the “raised 





Measurements on S/ug 
e Measurements Normal to Surface 
; Of Bar or Coupon 


/60.00 


~~, 


IN HAONESS 


. \ 


| 
/S5Q000 


Ary) 
Z 


/40,000 


Tensile Strength 


Estimated 





Turned to 2.5" 





Heraness Traverse Made on This Slug 
big. 1-- Location of Test Pieces, and 
Hardness Traverse of Heat Treated Bar 


\ 


Se ee 


vield in bending” has received more attentio! 
abroad than at home. It has recently bee! 
found to apply to round tubing 


particular interest in the structural design 0! 


a matter ol 


aircraft landing gear. 

If the maximum shear energy the 
holds true for a bar in pure bending, suc! 
bar should yield at the tensile proporti 
limit of the material. The fact that 
proportional limit is much higher in ben 
than in direct tension suggests that yie! 
is an instability failure wherein the suy 
olfered the outer fibers by the less h 
stressed inner fibers serves to delay the ) 

*See pages 459 and 479 of Timoshe 
“Strength of Materials; Part Il” (2nd Ed 
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the outer fibers. Some cre- 



























is lent this supposition by mu f 4 P 
+} »wledge that in plastic bend- 8, } | 
outside fibers are supported a \ 1 
necking failure to such an eS se | i 
that the average tensile o ogation > |’ A 
: : OF Gales: © 
strains at failure in bending are 50 | el ; 7 2 a 
‘> higher than the average 8 . Fs 
biainable in a pure tension test. - 800 N oA 
respective of theory, the $5 - | ” 
pment engineering group of § an ) ea 1 
Consolidated Vultee Aircraft Corp. % ais | . 
made an effort to obtain some quan- & " a 
titative data on the raised yield KS 600 Le 
phenomenon in bending. We S ra 
lecided to subject a deep-harden- 500 a | = - 
ng, round bar of known physical ’ — te iene ten = — 
properties to a pure bending Neher ee . 
ent and record a stress-strain Fig. 2—- Calibration of Electric and Dial Strain Gages 
iwram for the outside fibers. For 
this test we utilized wire type electric strain erties across the diameter of the heat treated bat 
gages. Accordingly, a 3-in. round bar of S.A.E. a transverse slug was cul and a hardness traverse 
1140, 38 in. long, was taken from stock, heat made with results as shown in Fig. 1. 
reated at 1575° F. for 3 hr., quenched in oil and To correlate hardness with physical prope 
rawn at 800° F. Then to make the bar true and ties and to double check the recording equipment, 
eliminate completely the decarburized zone the two 0.505-in. round tensile coupons (A.S.T.M. 
bar was turned to 2.502-in. diameter. Analysis standard) were cut from the bar and ',-in. elec 
f the bar was 0.36% C, 0.79% Mn, 0.032% P, tric strain gages mounted as shown in Fig. 2 
0.016% S, 0.28% Si, 1.049% Cr, 0.27% Ni, 0.20° Tensile test data obtained are given in Table I. 
Mo. ‘To determine the variation in physical prop- The ultimate strength of the bar material as 
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Table I — Tensile Test Data for Two Specimens 





YIELD STRENGTH | 


SPECIMEN 0.002 ON ORIGINAI 


STRAIN AREA 


0.0001 
STRAIN 


148.000 
149,500 


110.000 
110.000 


120,000 
120,000 





TENSILE STRENGTH 


On NECKED OF AREA 


296,000 29% 64.6 


| 


ELONGATION 
POISSON’Ss 


RaATIo* 


REDUCTION 


IN 1 InN.| In 2 In. 


16% 55.8% 








*Determined from transverse and longitudinal electric strain gages. See Fig. 3. 


determined from tension tests is in close agree- 
ment with the figure predicted from hardness 
tests using ordinary conversion tables; therefore, 
the distribution of tensile properties across the 
bar, based on hardness (Fig. 1), is validated. 

Figure 2 illustrates the relationship between 
the recording bridge balance readings in ohms 
for the two longitudinal strain gages against 
tensile strains as recorded by a dial gage attached 
to the tensile coupon. It indicates that the elec- 
tric strain gages function satisfactorily up to 
strains of at least 0.011 in. per in. 

The stress-strain curves in tension of the 
two round coupons were so close together they 
are indistinguishable on Fig. 3, which therefore 
At left 
of this curve is the lateral strain recorded by gage 
The true stress at failure 


shows the average curve at right, below. 


No. 3 on each coupon. 
was obtained for specimen A by noting the load 
at fracture and dividing this value by the final 
cross-sectional area of the coupon. As shown in 
Table I the figure is 296,000 psi. 

The round bar remaining after cutting off 
the length used for the hardness traverse and the 
tensile coupons was used for the bend test. The 
bend test was made with a pure moment applied 
over a 9.97-in. section as shown in Fig. 3. 
This central section was polished and eight elec- 
tric strain gages, four l-in. size and four 4-in. 
size, were cemented to the surface of the bar at 








Cena >, 2 


Vile , AM 


Fig. 4 — Tests in Tension and Bending on Chromium-Molybdenum Tube (11%-In. 
Outside Diameter, 4-In. Wall), Heat Treated to 185,000 Psi. Tensile Strength 


the points of maximum tensile and compressiy 
stress. The bar was then loaded in steps and th 
strains recorded. It was noted that, in the elast 
range, the transverse strains held the same relp- 
tionship to the longitudinal strains in bending as 
in tension; therefore, no extra transverse stresses 
were thrown into the bar by the method of load- 
ing and it was unnecessary to correct the strai 
gage readings for cross sensitivity. 
It was also noted that the theoretical outsid 
fiber stress as determined from the ordinary bean 
My 
I 
stress at the extreme fiber, psi., (s 
times termed “the modulus of ruptur 
when stresses are above the elastic limit 
bending moment in in-lb. 
= distance from center of gravity t 
extreme fiber of cross-section. 
I moment of inertia of the cross-secti 


formula F 


where F, 


agreed exactly with the measured stresses as 
determined from the strain gages. Furthermore 
the modulus of elasticity E was found to be th 
same in bending as in tension. The load-strain 
curve for the bar in bending together with th 
tension stress-strain curve is shown on Fig. 
This modulus of rupture stress, F,,, is plotted 
on Fig. 3, and up to the proportional limit th: 
actual outside fiber stress is equal to the quantity 
F,. Beyond the proportional limit in bending th: 
actual outside fiber stress is not known, but as 
the value F, is always 
used in calculating stress 
this quantity is carried 
on in Fig. 3 into the plas- 
tic region of the curve 
It is apparent that in this 
test the proportional limi! 
in bending was 3! 
higher —or, more 
cisely, the yield strengt! 
at 0.0001 strain al 
the proportional lin 
simple tension 
respective figures 
144,000 and 110,000 
and that a value 
greater than the t 
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could be used for -_ = : in the laboratory of Con- 
dulus of rupture, \ Witee (Solid Bar! |  solidated Vultee Aircraft 
ithout exceeding 30 Corp. of the proportional 
n.perin. permanent | limits in tension and 
he figures being ~*~ bending, data were avail- 
0 and 120,000 psi.). S 20 Vultee able in Air Corps Infor 
1 addition to the x (Tubing) mation Circular No. 686 
round bar illustrated “™ about tests by G. G. 
. 3, two round tubes N Brown and F. M. Carpen 
reated to 185,000 psi. ¢ /0 | ter of two other chro 
le strength were also & mium-molybdenum tubes 
ted to pure bending 8 | of higher D/t ratio. These 
nts and the stress- © four tests are compared 
1 curve of the outer Ot in Fig. 5, and indicate a 
determined. The first ¥ ? np Rakin good correlation. 
| was a 1%-in. tube wie ier At about the time we 
\,-in. wall of chro- Fig. 5— Apparent Correlation Between were conducting the 
n-molybdenum steel. Raised Limit of Proportionality ( Yield above experiments we 
specimen was 31 in. Strength for 0.0001 Strain as Determined learned that engineers at 
loaded as shown in by Bending and by Tension Tests) and Menasco Mfg. Co., in 
!. Its ratio of diam- Dit Ratio of Tubing Samples Tested analyzing several load 


to thickness D/t=6. 


rhe load-strain curve is plotted for the outside 
tension fiber, and the stress (as determined by 
the beam formula) is also given as the right-hand 


rdinates. 


Using the same type of electric strain gage 


and equipment a length of the same tubing was 
tested in direct tension, and the stress-strain 
urve also plotted for comparison with the curve 





deflection curves for 
round tubing, noted a marked increase in propor- 
tional limit in bending as compared to direct ten- 
sion tests of the same material. The Menasco Co. 
plotted load-deflection curves for several round 
tubes in pure bending, noting the load at which 
the relationship between load and deflection was 
no longer linear. The load at the departure from 
linearity was used to determine the yield stress 

My 


from the beam formula, F . The stress 





at the proportional limit in bending was 
plotted against D/t ratio for the tubing and 
a positive trend was noted. See Fig. 6. 
Utilizing the same method as the 
Menasco Mfg. Co. used, certain data pre- 
sented in the Air Corps Information Circu- 
lar No. 686 have been analyzed and these 





0 & /O IS 20 
ry rr = 
J t Kat 0 for (We 7g 


in bending. The increase in bending proportional 
limit (0.0001 strain) of this round tube having 


a D/t ratio of 6 was 23% above the value in 
tension. 

\ second tube having a D/t ratio of 23 was 
ilso tested in bending and the stress at 0.0001 


n was found to be 175,000 psi.; no tension 


was available for this tube so the per cent 
ise over the value determined from direct 
mis unknown. 

in addition to these two comparisons made 
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25 are also carried on Fig. 6, apparently sub 
stantiating the Menasco results. 


Fig. 6 — Apparent Downward Trend in Proportional It should be borne in mind when 
Limit in Bending of Tubes as the D/t Ratio Increases. All examining these results, that the limit of 
tests on chromium-molybdenum tubing heat treated to the proportionality is detected sooner and with 
range of 180,000 to 200,000 ultimate tensile strength more accuracy from the system utilizing 


an electric strain gage at the outermost 
fiber than from an examination of the load- 
deflection curve for the beam as a whole. The 
lesser sensitivity of the load-deflection curve 
method arises from the fact that at the moment 
of yielding at the outside fiber of the middle third 
of the beam the other two thirds of the beam are 
still in the elastic range and therefore the dellec- 
tion of the beam as a whole does not increase 
proportionately with the strain at the most 
stressed fiber. 


It may therefore be concluded that values for 












modulus of rupture considerably above the tensile against too many rejections due to weak s 
yield strength of the material may be used for a certain percentage of springs was pre 
tubes under pure bending without permanent set as received. No springs broke during th 
greater than 0.002 in. per in. Figure 6, illustrat- test” (although some took a permanent sel) } 
ing the proportional limit in bending vs. D/t ratio, epidemics of breakage were experienced aft 
indicates that below D/t 14 no yielding in bend- final assembly (after Parkerize). Broken spri: 
h 


ing takes place until stresses actually reach or go showed a corroded transverse crack, ofte: 
above the nominal ultimate strength of the mate- way through the wire, on the inner surface 
rial (180,000 to 200,000 psi.) and this margin coils. No cracked springs were ever found 


increases with decreasing D/t ratio. receipt from the spring-maker when they wer 
The raised proportional limit in bending may the plain condition. 

well have an effect on the endurance limit of the Hydrogen embrittlement was suggested 
material as determined by the rotating beam test. the cause, even though it was not that the spring 
It is held in some quarters that endurance limit were “brittle”, but that they contained actu 
is directly related to the proportional limit of the cracks deep enough to cause breakage. The pick 
material. (See “Prevention of Fatigue of Metals” acid was cold, inhibited, 10% sulphuric. Elimina 
a book by the staff of Battelle Memorial Institute.) tion of the pickle did not put an end to the cracks 
It is also known that ductile materials have an and no effort was made to bake hydrogen out 
appreciably higher endurance limit as determined the springs after pickling. 

from rotating beam tests than as determined from The springs were given a stress relieving 
alternate axial tension and compression loading. anneal at 590° F. (by the maker), so, in order 
The phenomenon of raised yield strength in bend- have some highly 
this dis- were furnished without this heat treatment 
After the samples were Magnaflux tested an 


susceptible samples, a fe 


ing may offer some explanation for 


crepancy in results. S$ 
found to be 100% free from cracks, half we 


neither pre-flexed nor pickled but were given th 
usual 30-min. Parkerize, after which the Magna 
e flux test showed that over half of the samples 
were cracked and over half of the cracked springs 
broke when flexed. The cracks were not as dee; 
as some we had seen; the elimination of 

pickle probably reduced the severity of the effect 
Y The other half of the crack-free, non-heat 
Correspondence treated samples were all pre-tested (pre-flexed 
and then Parkerized without pickling. Less tha 

half of these samples showed cracks tl 

Magnaflux test and none of them were de 

enough to cause breakage when flexed. Most 





the cracked springs which withstood one fle 

would withstand a double flexing. The 

Failure of Spring Loops proved that pre-flexing removed enough o 
bv Stress-Corrosion stress so that the springs would not break 

: Parkerizing, but neither pre-flexing nor elim 
MANSFIELD, OHI0 tion of the pickle was adequate to remov 

To the Readers of Meta ProGress: cause of the trouble. These results also sh 
A little over a year ago, we had a similar that the many tests made on springs, pre-fl 
experience to the one noted by Messrs. Brewer 100 “to show freedom from cracks”, 

and Ihsen in the April issue with tension springs meaningless because of the fact that fl 

(2 in. o.d.), made from heat treated 5,-in. S.A.E. removed enough stress to practically elim 
1065 spring wire, which were required to be spring breakage in the final flexure test. 
pickled and Parkerized as the final finish. The had used pre-flexing as a test for cracks bi 
supplier wound the springs in such a way that Magnaflux testing had to be done on the out 
the coils were tight against each other, or “pre- Though the above tests were made on 
loaded”, as the saying is. heat treated springs, larger lots of un 
After final assembly these springs were springs were simultaneously showing as hi 
required to stand a flexure test which simulated 30% breakage on final flexing, even thougl 


the operation of the device. In order to guard had not been pickled. 
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iclua 
rickl 


nina- 


ut « 


nent 
and 
were 
n the 
ana 
nples 
rings 


dee] 


‘o difference in Rockwell hardness could be 
ed between springs which were stress-relief 
led and those which had not had this treat- 
nor could we find measurable difference 
en the heat treated wire and the 
Straight lengths of wire were crudely 


coiled 
nto small coils which cracked during pickle 
vr Parkerizing, whereas straight lengths 
ed and Parkerized could be bent severely 
impunity. 
We concluded that the cracks were caused 
tress-corrosion in the pickling or Parkerizing 
and, after laying the facts before our cus- 
r, received permission to protect the springs 
ainting. No springs have broken since then. 
This type of pre-loaded spring is apparently 
more highly stressed than the ordinary type and 
is liable to crack during pickling or Parkerizing, 
regardiess of preliminary history such as stress 
relieving anneal, flexing, or other treatment. 
Without the Magnaflux test, we might have con- 
cluded that 100% 


the pickle produced a satisfactory article, since 


pre-flexing and elimination of 


little, if any, spring breakage resulted, but the 
shallow cracks likely to be present would have 
device with fatigue 
The stress analysis presented by 


made an inferior lowered 
resistance. 
Messrs. Brewer and Ihsen now completes the 


picture, ’ 
R. W. Parsons 


Chief Metallurgist 
The Ohio Brass Co. 


Hot Strength of Two Cast Irons 


LANCASTER, OHIO 
the Readers of METAL ProGress: 
It may be of value to place on record the 
results of a series of tensile tests on high strength 
ist iron, made at elevated temperatures. The 
work was done at Valparaiso 


Ind University in equip- 


Average Analysis 











Short Time, High Temperature Tensile Tests on High 
Grade Machinery Iron (No. 11) and Alloy Lron (No.15 
control. Alten’s Alloy No. 11 is a general purpose 
iron for machinery parts, and is heat resistant to 
a moderate degree. Its microstructure is mainly 
fine pearlite with A.F.A. class 3-A graphite flakes; 
the excess cementite is in small islands in random 
orientation. Alten’s Alloy No. 15 is a chromium 


molybdenum-vanadium iron, produced = specil 
ically for higher temperature applications Its 
microstructure contains a matrix of fine pearlite 
and the cementite is in extensive dendritic pat 
tern; graphite is as A.F.A. class 3-A flakes 

The 


high temperature tests and the 


above figure gives the results of the 
tabulation the 
average chemistry, flexure and hardness. 

H. KeEnNetH McGratru 


Alten’s Foundry & Machine Works 


Copper Plate as a Stop-Off 


When Nitriding 


Detroit, Micnu. 
To the Readers of Mera. Procress 
Our article in the February issue on the use 
of copper plate as a stop-olf in selective nitriding 
was based on results obtained when nitriding a 
collar having the surface finish 


© S noe 
and Strength used in regular production at 





nent that is proper for short 
me, high temperature test- 
ing. The 


That hined 


Silicon 

Sulphur 
Phosphorus 
Manganese 

Total carbon 
Graphite 
Combined carbon 
Chromium 

Nickel 
Molvbdenum 
Vanadium 
Copper 

Brinell hardness 
Transverse strength 
Deflection 


test bars were 


round bars 


ibout 1 x 24 in., east for this 


pose in dry sand molds. 
il shape was like the 
1. round specimen illus- 
‘rated on page 132 of the @ 
M ils Handbook, except that 
educed section was about 
in. long. 
wo alloys were tested, 


cupola products, made 





r close metallurgical 


Motor This 
finish was obtained by grind 
1.04% 1.82% ing on a Norton 3746-K-5 
0.309 0.164 16 grit) and is between 
0.51 0.61 25 and 35 
3.53 3.54 measured on the profilome ler 
2.74 aie 
0.79 0.41 
0.07 1.46 
race 0.16 
0.03 0.58 
0.08 finishes. 
0.04 four 
200 270 
2000 Ib. 1800 Ib. 
0.13 in. 


Products Corp 


No. 11 No. 15 


wheel 
micro-inches as 
Further tests have now 
been carried out to determine 
the amount of 


coppel plat 


required for various surface 
I'welve collars with 
types of surface finishes 
were plated by the “Unichrome 
Plating 


different thicknesses to detet 


Process” to 


).22 in. Copper 
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Relation Between Prior Surface Finish and 
Protection Necessary 


should be displaced by anhy 
ammonia before bringing the furn 





FINISH AND 
SURFACE FINISH, 
Micro-INCHES 


Machining 
40 to 50 0.00078 in. No case 
40 to 50 0.0010 No case 
40 to 50 0.0013 No case 
{ough grinding 


25 to 35 0.0004 No case 
25 to 30 0.0005 No case 
Finish grinding 
12 0.0002 No case 
13 0.0004 No case 
13 0.0005 No case 
Finish grind and polish 
3.0 to 3.5 0.0002 No case 
3.5 to 4.0 0.0004 No case 
3.0 to 5.0 0.0005 No case 
Machining, stress relief 
and sand blast 


0.00125 No case 





0.0008 Penetration 
0.0010 Penetration 


to heat. 


THICKNESS O! Test RESULTS Upward of 150,000 collars hav: 
Copper PLat! AFTER NITRIDING 


copper plated by the Unichrome ( 
Plating Process and selectively ni 
in the Motor Products Corp. plant 
very satisfactory results. The wu 
copper plate reduced the scrap o; 


job to percentages as low as 42 o 


25 to 30 0.0002 Penetration from all causes. 


W. V. STERNBERGER 
Chief Metallurgist 
Motor Products Corp. 
and E. R. Fany 
Chemical Engineer 
United Chromium, Inc. 


Metallurgical Zoo 


LAGRANGE, IL! 
To the Readers of METAL PRoGREss: 


You have seen, reproduced in th 





correspondence pages of Metal Progress 





mine approximately the minimum thickness 
required to protect during a nitriding cycle ol 
154 hr. at 970° F. Results are contained in the 
adjoining table. While the points of failure for 
the various finishes were not discovered in all 
cases, it was established that relatively low thick- 
nesses of copper sufliced to give satisfactory pro- 
tection to machined, ground, or polished finishes 
of the micro-inch values listed. It was also 
shown that the sand blasted surface required a 
somewhat heavier deposit. 

As a matter of interest and in an attempt to 
carry out a life test, one collar having a rough 
ground finish and plated with 0.0008 in. copper 
was nitrided for five complete cycles, each cycle 
being 154 hr. at 970° F., giving a total time in 
the furnace of 770 hr. The copper plate was not 
penetrated by nitrogen. 

A point to be emphasized is that moisture in 
the nitriding furnace is a hazard to copper plate. 
The bulk of our production is nitrided in a 
Holcroft continuous furnace of the pusher type. 
Being a continuous furnace the amount of mois- 
ture in the nitriding atmosphere is negligible. 
Some of our work, however, is run through a 
Westinghouse batch type intermittent furnace; 
no failures have resulted, although some dis- 
coloration of the copper plate usually occurs due 
to the moisture present. Anyone using copper 
plate as a stop-off in an intermittent type of fur- 
nace would do well to make certain that the sys- 
tem is as free of moisture as possible, and all air 


at frequent intervals, and certainly when 
looking through your own microscope, som 
appearances that were far enough from the usual 
metallurgical forms to make you rub your eyes 
and resolve never to take too many Martinis 
again, no matter what the temptation. Recently 


I discovered a veritable zoo! Twirl the print nd 
see the animals, numbered as follows: 
1. Rabbit (leaping) 
2. Muskrat (slinking) 
3. Goat (with whiskers) 
4. Giraffe (discouraged) 
5. Giraffe (undernourished ) 
6. Turtle (basking) 
J. A. Erickso 
Metallurgist 
Electro Motive Di 
General Motors ¢ 
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Atomic Power 


and 


Atomie Bombs 


()s AUGUST 6, 1945, the President of the 
United States announced that an “atomic bomb” 
with more power than 20,000 tons of TNT had 
from an American airplane on 
Three days later a second 


been dropped 
Hiroshima, Japan. 
atomic bomb was released on Nagasaki. 

These two explosions stirred up such a wave 
of interest and excitement in this country that 
the surrender of Japan, coming within the next 
two weeks, was almost an anticlimax. Only the 
youngsters, toughened to their daily dose of mar- 
vels in the comic strips, were prepared to take 
matter of course. Among 
adults the reactions ranged from jubilation to 
serious alarm: “I have been reading”, a sub- 
scriber tells the Editor of the Oklahoma City 
August 10, “about the atomic 
I do not like the thing. I think it entirely 
possible that, like a violin striking the right note 


atomic bombs as a 


Times on new 


bomb 


and being able to shatter a glass, scientists fool- 
ing with bursting atoms might conceivably strike 
the right note, so to speak, and blow this whole 
universe to smithereens and ourselves along with 
it.” Such fears were widely voiced even by sober 
engineers and technical men. For example, the 
Editor of Metal Progress in the September issue 
quotes with approving trepidation a contribution 
printed five years earlier describing briefly the 
lission of uranium 235 and mentioning the horrid 
chance that the whole world might be blown up 
nickel. The 
newspaper accounts purporting to explain 
had harnessed and 


triggered reaction in iron or 


atomic energy been 


A Condensation of the “Smyth Report” 


By Ralph P. Johnson 
Research Laboratory. General Electric Co. 
Schenectady. V. # 


released in the bomb did little to calm 
these fears. 

It must be that 
physicists generally felt little increased 
the immediate fate 
for them the 
other 


said, however, 


uneasiness over 
of the earth, but 
announcement raised many 
They 
certain 


questions of extreme interest. 
that 1939 
unpredicted properties of the metallic 
element uranium had 
ered; that this discovery had opened 


recalled early in 


been discov- 
up for the first time a reasonable pros 
pect of producing “atomic power” in 
useful quantities; and that this pos- 
sibility had been studied, both experi 
mentally and theoretically, with great 
intensity during the succeeding 18 months. Since 
the middle of 1940, however, the whole field had 
been under a blanket of absolute censorship. For 
five years there had been no public discussion of 
the subject. The explosions in Japan showed 
that the secret research of these five years had 
been successful. 

The questions arising in physicists’ minds at 
that time were these: Had success been reached 
by following the paths that looked most likely in 
1940, or to find 


entirely new approach? Was a superlative weapon 


had it been necessary some 
of destruction the only result, or had ways been 
found for controlling the power for constructive 
purposes? How had the problems of materials 
and techniques that seemed so exceedingly diffi 
cult in 1940 been solved? How large an enterprise 
had it been? What men and what organizations 
had been most closely concerned with it? 


had 


bomb 


Even among the many scientists who 


worked on one phase or another of the 
project, only a very few had been in position to 


satisfy their curiosity on all such questions 
The Smyth Report 


The War Department, foreseeing that news 
of an atomic bomb would excite public interest 
to a high pitch and recognizing a responsibility 
to inform the had Prof. H. D. 
Smyth, chairman of the department of physics 


citizens, asked 


of Princeton University and a leader in the work 
on the bomb, to write an account of the entire 
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project. This report, a document of nearly 200 deeply. While the chain reaction is « 
closely spaced type-written pages, was ready for some of the uranium is changed to a ne 
release shortly after the two bombs had been ical element called plutonium, which can 
dropped. It is described in the preface as “a ily separated from the uranium and use 
matter-of-fact, general account of work in the explosive in an atomic bomb. Large ¢g 
United States since 1939 aimed at the production uranium piles have been constructed s 
of such bombs”. The report is coherent and read- produce this explosive, the heat from the | 
able and contains much detailed information being thrown away as a troublesome byprody 
about what has been accomplished and how it Another explosive suitable for atomic bombs 
has been done. Both the English and the Cana- made from uranium itself by separating a 
dian governments have issued much shorter state- collecting the light uranium atoms from the heayy 
ments concerning their roles in the program, but uranium atoms, the two varieties being mixed j 
they contain little additional information other the metal extracted from natural ore in t} 
than notes on personnel and organization. proportion of one light atom to 140 heavy 
The Smyth Report can hardly be condensed 
except by leaving out certain parts wholesale. 
For this review, the choice has been made to deal 
most fully with the processes that go on in the 
exploding bomb and in the arrangements for 1 
producing atomic power at a controlled rate, and 
to discuss some of the technical problems 
particularly those involving metallurgy that Hyaragen Atom Oxygen Atom 
had to be solved. The men who were responsible Fig. 1 Schematic Diagrams of Hydrogen and Oy 
for various parts of the work will not be named, om Atoms, Showing the Negative Electrons Moving 
nor will any attempt be made to trace out the es Orbits eS oe Positively-Charged Nucleus 
complicated organization that developed as the 
project expanded. For these matters, and for a Two ways of doing this more difficult separati 
skillful placing of the different phases of the on a large scale have been perfected. Sma 
work in their proper historical perspective, refer- masses of either uranium or plutonium, thoug 
ence must be made to the original document. radioactive, are not explosive. An atomic bon 
It would be a disservice to the reader not to is made by bringing together quickly, at the poi 
recommend the Smyth Report strongly as a fas- where the explosion is desired, two or m 
cinating account of a tremendous job, completed smaller pieces of this light-atom uranium (o! 
on schedule. plutonium) and merging them into a larger mass 
The present author has paraphrased much big enough so that their combined size becomes 
of the matter contained in the Smyth Report. explosive. The explosion is a nearly instantat 
Quotes are used to indicate verbatim extracts. ous chain reaction similar to the chain reacti 
In the preliminary statement of the elementary that is used, at a controlled slow rate, for making 
science and the fundamental experiments of plutonium. The research has been directed stead 





nuclear physics he has drawn upon the common ily toward the goal of an atomic bomb, and pos 
knowledge of this branch of science. sible methods of using the power from su 
reactions for productive purposes have there! 


{ Bare For those who are not disposed to not yet been deeply explored. 


Summary read either the Smyth Report or 
, much more of this, the following Some Background of Elementary Physics 
bare summury is presented: 
Controlled power in large quantities has been Explaining the operation of the atomi 
produced from the disintegration of atomic pile and its cousin, the atomic bomb, 


nuclei. When a pile of purified graphite con- answering three questions: 

taining slugs of pure uranium metal in a suitable 1. Where does the energy come tr 
lattice arrangement is built up beyond a certain in what form is it stored up before the e» 
critical size, a self-sustained “chain reaction” or the power-production takes place? 
progresses among the uranium nuclei, and the 2. How is the energy released? 

pile loses energy to its surroundings in the form 3. How can the rate of energy releas 
of heat. The rate of the reaction can be con- power output be controlled? 

trolled by pushing barriers of cadmium or boron These same questions can be as 
steel here and there into the pile more or less course, about any explosion or power so 
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or 
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stead- 
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sucl 


retol 


it that the answers are about the same 
the reaction is of this new atomic sort 
f those (such as combustion of fuel) with 
familiar. The combination of 
n and oxygen to produce water vapor, 


we are 


mple, can be controlled as an oxy-hydrogen 
giving off energy steadily in the form of 
id light, or it can be made to occur with 
ve rapidity. 
sembles in so 


This familiar chemical reac- 
many 

ns that go on in the pile and in the atomic 
homb that it 
wcasionally as a parallel for the nuclear reactions, 


ways the nuclear 


will be convenient to refer to it 


The Source First, then, what is the source 


of the Energy of the energy continually 
i thrown out by an oxy-hydro- 
Imagine four hydrogen atoms and 
two oxygen As shown in Fig. 1, 


hydrogen atom its to be thought of as a tiny 


gen flame? 
atoms. each 
nucleus (a “proton”) charged with one unit of 
positive electricity, with an electron, much lighter 
than the proton and charged with one unit of 
negative electricity, revolving around the nucleus 
in some sort of orbit. Each oxygen atom is to be 
thought of as a more complicated system con- 
sisting of a nucleus, almost exactly 16 times as 
heavy as the proton, with eight units of positive 
electricity on the nucleus and eight electrons 
revolving in various orbits about it. 

It would doubtless be instructive, if space 
permitted, to give a brief account of the funda- 
mental experiments made between 1897 and 1910 
that led Rutherford to explain the structure of 
the atom in this way. We can only pause to 
comment that this indeed was an extraordinary 
change in viewpoint, for ever since the early Greek 
philosophers advanced some ideas about the ulti- 
mate particles of matter they were regarded as 
ndivisible the word “atom” means just that. 

These six atoms — four hydrogens and two 
Xvgens can be arranged in two different ways 
that are stable under ordinary conditions of tem- 
perature and pressure: They can be paired off 
into two hydrogen molecules (2H,) and one oxy- 
gen molecule (O,), or they can be arranged in 
threes to form two water molecules (2H.O). It 
inakes no difference to the nuclei of the six atoms 
but the 
tbits of the outer electrons are different in the 
It happens that the energy 
ned within the second arrangement two 
molecules — is somewhat than the 
of the first. That is to say, if two mole- 
{ hydrogen and one molecule of oxygen 

torn apart into four atoms of hydrogen 


‘hich of these arrangements is chosen 
‘Wo arrangements. 


less 


0 atoms of oxygen, and these are then 


reassembled into two water molecules, this proc- 
ess will modify the electron orbits and arrange- 
ments in the “outer shells” of the atoms and set 
certain 


between the 


which is the 
of the 
arrangements. The chemist expresses it by say 
ing that the 2H,4-0,2H,0 is 
thermic”, and the measurements show that 


free a amount of energ 


difference energies two 
“eXo- 


1461 


kilogram-calories of energy are released for every 


reaction 


pound of water vapor made in this way. 

A similar process, namely, a rearrangement 
stable 
that contain, in other words, less stored energy 


of atoms into molecules that are more 


occurs in every combustive or explosive chemical 
reaction. Again, the process is associated with 
changes in the electron orbits rather than in the 
When 


atoms are 


burns in 
their 


atomic nuclei. anthracite coal 


air, carbon being torn from 
attachment with other carbon atoms and oxygen 
molecules are being sundered into oxygen atoms 
and the several bits are finally coming together 


to form carbon dioxide molecules, and consider- 


oragen 
hate 


Molecule Weter 


@ 


(0) Molecule 


Oxyoen 
SS 


Molecule +£nergy 


pe 4 


Weter 


Hyoragen 
63s O ) Molecule 


Molecule i 








Recess 


Fig. 2— Energy Is Released When the 
Atoms in Hydrogen and Oxygen Molecules 
Are Rearranged to Form Water Molecules 


able heat (energy) is evolved but at a quite mod- 
erate rate. When TNT explodes, the complicated 
trinitrotoluene molecules are being ripped apart 
and their hydrogen, carbon, nitrogen and oxygen 
atoms are getting together to form more stable 
compounds, and much heat is generated at a 
very rapid rate. 

All this is no news, of course. It is reviewed 
here solely as a preface to the statement that the 
energy released in an atomic bomb or in a 
graphite-uranium power pile comes from a closely 
This 


previously stored up in the nuclei of the atoms 


associated source. evolved energy was 
those relatively heavy central structures that go 
unaffected through ordinary chemical reactions. 
The energy is set free when these nuclei change 


to other nuclei that are more stable. 
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The Chemistry This bald statement is not 


of Nuclei meant to be a satisfying 
answer to the question: 
“Where does the energy come from?” One is 
“What are the nuclei made of? 
How can they 


entitled to ask: 
How are the parts stuck together? 
be jolted apart to allow rearrangement? How can 
the energy stored up in a nucleus be measured? 
What kind of nuclei are used in the pile and in 
the bomb? What is the reaction there, and what 
are the more stable nuclei that are formed?” 
Such questions call for a brief consideration 
of what might be called the “chemistry’ 
What is in them, and how they react. 


of nuclei 


Fortunately, the chemistry of nuclei is no 
such vast expanse as is the ordinary chemistry 
of atoms. In place of the 92 different chemical 
elements there are only two different nuclear 
building-blocks, and in place of the millions of 
chemical compounds so far isolated only about 
750 different nuclei are known. Of course, the 
study of nuclei is a comparatively recent business 

00 years ago no one had any very compelling 

reason for supposing even that an atom had a 
nucleus and many points about the behavior 
of nuclei are still mysterious. It is probable, in 
fact, that later knowledge will make it necessary 
to modity the simple picture that all nuclei con- 
tain only two kinds of elementary particles. This 
picture is sufficiently complete, however, for the 
present discussion. 
Protons One of the two elementary particles, 
the proton, has already been men- 
tioned as the nucleus of the ordinary hydrogen 
atom, the simplest of all nuclei. A few free 
protons, otherwise known as positive hydro- 
gen ions, occur in every hydrogen flame. 
They are found, in much greater concentra- 
tion, in the hydrogen welding are. 


Name 


Neutrons The other elementary particle, 


the neutron, is almost identical 


Symbo/ 


particle — going through a gas leaves a ira 
ions, or atoms that have had one or more of they 
negative electrons pulled off by the positive charg 
on the passing particle. A neutron, contra 
leaves no evidence of its passage excep! 

rare points where it hits a nucleus. So also ¢} 
charged proton can be speeded up, slowed dow 
or sent on curved paths by suitable electric 
magnetic fields, but the only thing man can dot 
a free neutron is to slow it down by letting 
bounce around from one nucleus to another, 4 
free neutron, moreover, is hard to make and t 
keep; the only known source is a nucleus that is 
rearranging itself into a more stable form and 
discarding a neutron as a spare part, and ever 
neutron so freed is soon absorbed by some oth 
nucleus it happens to hit. 

Because of its elusive nature the neutron w 
not even suspected before 1930, and the exper 
ments that finally proved its existence were n 
finished until 1982. However, it has becom 
because of these same characteristics, perhaps 
the most useful of the various particles that ai 
used in studying nuclei. As will appear, fr 
neutrons play an essential part in the operati 
of the atomic power pile and the atomic bom! 


The Contents The nuclei, then, are simply 


of a Nucleus compact collections of protons 
and neutrons. A single prot 

is the nucleus of ordinary hydrogen. 
One proton and one neutron together mab 
a nucleus almost exactly twice as heavy as 
proton but having only one unit of positive charg 
Such a nucleus therefore requires one orbil 


N orn’ 


Convention O 


Pr Olt w" 


(Hyaraogen 
Nucleus) 


Ney be 
ot A , 
LEUIETON 


Neutron 


(Unchaged 
Mass) 


(HEAVY 
Hyorogen 
Nucleus) 


with the proton in mass, but carries no electrical charge. 
Its lack of electrical charge makes the neutron a difficult 
particle to study. Unlike the positively-charged proton, 
which cannot move through a solid or gas without being 
hindered and quickly stopped by the negatively-charged y ’ @\ 
electrons, a free neutron keeps on going freely until it oe for Short 0) 


hits an atomic nucleus. Such collisions are relatively 


rare, even in “solid” material, because the nuclei are very Ch, 
small compared with the distances between them. For 
example, in solid aluminum the nuclei are separated by 
10,000 nuclear diameters, and from the 


ne "p71 10 
orine Nucleus 


Fig. 3 The Two 
Blocks of Nuclei Are the Neutron n 


{ few schematic diagrams s 


Elementary 


approximately 


viewpoint of a wandering neutron, a block of aluminum Proton p. 


is nearly all empty space, in which it can travel an inch nuclei are compact collections of the t 


or so before hitting anything. A fast proton a charged of particles in approximately the sam 
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) to make an electrical balance, and the 
ig atom is just like an ordinary hydrogen 
atom in its chemical properties (since, as 
remarked above, the chemical properties are gov- 
erned by the number of outer electrons in the 
“planetary system” of the atom). 

1932, that one out 


of every 5000 hydrogen atoms occurring on the 


is now known, since 


earth has such a double-weight nucleus, and 
methods have been developed for separating oul 
these double-weight atoms to make considerable 
quantities of “heavy hydrogen”, which can be 
combined with oxygen into such a compound as 
“heavy water”. Because of its special importance, 
heavy hydrogen is given a name of its own, 
“deuterium”, and the nucleus with one proton 
ind one neutron is called a “deuteron”. 

Che nucleus of the inert gas helium, the next- 
simplest element after hydrogen, contains two 
protons and two neutrons; its mass is therefore 
four units and its charge two units, and it 
requires two electrons revolving about it to make 
an ordinary neutral helium atom. This nucleus 


‘alpha particle”, so 


‘ 


also has a special name, the 
named from a radiation which was investigated 
a long time before its relationship to helium was 
established. 

The fluorine nucleus, to take a more com- 
plicated example, contains 9 protons and 10 
neutrons, has a mass of 19, and needs 9 electrons 
about it to make a fluorine atom. The bismuth 
nucleus contains 83 protons and 126 neutrons; 
its mass is 209, its charge is 83. 

These examples illustrate how nuclei are 
built up out of protons and neutrons. The mass 
of a nucleus (in units of proton mass) is the 
sum of the numbers of protons and neutrons in 
units of 


the nucleus; its charge (in proton or 


electron charge the two are identical) is just 


the number of protons present. The charge, not 
the mass, determines how many electrons must 
be revolving about the nucleus to make a normal 
electrically-neutral or non-ionized atom. Because 
the ordinary chemical properties depend entirely 
nm how many of these orbital electrons the atom 
has, atoms whose nuclei contain a definite num- 
ber of protons are quite alike chemically, no mat- 
ter how many neutrons are present in the nucleus 
ilong with the protons. 


Shorthand It is useful to have a shorthand 
Symbols symbol for each kind of nucleus, 
lor Nuclei and the 


been universally adopted: 


practice has 
The 


humber of protons (that is, the electrical charge ) 


following 


'S written as a subscript in front of the chemical 


The total number ol 


Symbol for the element. 
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is, the 


that 


nuclear mass) is written as a superscript after 


particles, protons plus neutrons 


the chemical The nuclei of helium, 
fluorine and bismuth described above are denoted, 
in this manner, by .He*, ,F"® and e, Bie’. 
Consistent with this notation, the proton ts 
indicated by ,p' (or sometimes, to emphasize that 
it is a hydrogen nucleus, by ,H'), the neutron by 
on', and the deuteron by ,d? or ,H®. The electron, 
with one unit of negative charge and a mass that 


symbol. 


is insignificant in comparison with the mass of a 
proton or neutron (1850 electrons to one neutron) 
is symbolized by _ ,e°. 

No one yet understands satisfactorily just! 
how protons and neutrons manage to stick 
together in a nucleus. The protons, being all 
positively charged, would certainly be expected 
to repel one another and so resist packing into a 
small volume, and there is no obvious property 
of the that them to hold a 


nucleus together in spite of the electrostatic repul 


neutrons enables 


sion among the protons. Nevertheless, somehow 
the trick is done, and a considerable numbei 

about 250, in fact of different nuclei exist in 
nature, ranging in charge and mass from hydro 


ts 


gen ,H' to uranium ,.U 


I sotopes In all these naturally-occurring 


nuclei the number of neutrons ts 


equal to the number of protons or somewhat 
larger, with the exception only of ,H' and a very 
rare form of helium .He*®. As the number of 
protons increases the excess number of neutrons 
tends also to increase. This trend can be seen 
in the sequence of nuclei already mentioned 
»Het, ,F, ..Bi?’® and ,.U25, 

However, the number of neutrons going with 
a certain number of protons is not rigidly fixed 
except in certain special cases. Fluorine and 
bismuth are, in fact, such instances.) More usu 
ally the number of neutrons is variable within a 
small range, and nuclei occur commonly with the 
As doubt 


less is well known to most readers of this article, 


same charge but with differing masses. 
such nuclei are known as “isotopes” of one 


another, from two Greek words meaning “the 


same place” occupied in the periodic table of 


elements. Since the nuclear charge is the same 
for all members of a set of isotopes, the surround 
ing orbital electrons and chemical properties ol 
the atoms are the same. Indeed, in nature the 
atoms of differing mass are homogeneously mixed 
up in certain proportions. Chromium, for exam 
ple, is a mixture of four natural isotopes in the 
following proportions <Cr®, 4.49%; .,Cr 

83.78% ; o,Cr®, 9.43%; .,Cr™, 2.30 


the heaviest element and a metal, which figures 


Uranium, 





largely in the following discussion, is a mixture 
of three natural isotopes: goV234, 0.006%; ,.U2 
0.71%: goU238, 99.28° 
The 
naturally-occurring nuclei are 


The Masses internal energies of these 
of Nuclei 
, measured by a roundabout but 
exceedingly interesting method: 

First, the atoms of the element under investi- 
gation are ionized by knocking one orbital elec- 
tron off from each atom, using fast free electrons 
as bullets. The ions are then sent through certain 
combinations of electric and magnetic fields so 
chosen that the path an ion takes is determined 
by its mass that is, by the mass of its nucleus, 
since all the ions have the same number of orbital 


electrons left. In these magnetic or electric fields 


Fig. 4 Examples of Isotopes, Nuclei cr 
Having the Same Number of Protons But 
Differing Veutrons. The 


percentages indicate, for each element, the 


Numbers of 


proportions in which the isotopes are mixed, 
wherever the element is found in nature 


the different isotopes of the given ele- 


ment are sorted out: each variety 


finally arrives at a defi- 
photo- ,H' 
G) 9998% 


nite place on a 
graphic plate or whatever 
other detector or count- 


ing mechanism is being 


pH? 


&) 202% 


Hyaragen 


used. The relative abun- 


dance of each isotope, 
and its mass, can thus be 
measured. 

If the 


of mass 1s 


measurement 

made pre- 
cisely, a curious thing 
appears: The mass of a nucleus is not exactly 
the sum of the masses of as many protons and 
neutrons as it contains, but a little different. A 
specific example given in the Smyth Report is the 
alpha particle (the helium nucleus) Figure 3 
shows it to contain two protons (mass of each 
being 1.00758 X 10°°4 g.) and two neutrons 
of each being 1.008938 * 10°" g.). 


of the separate components is therefore 


mass 


The total mass 


29 x 1.00758 + 2 1.008938 1.03302 x 104 go 


p* 


However, direct experiment on alpha particles 
shows that the mass of the helium nucleus is 
only 4.00280 * 10°°4 g., a difference of about 0.030 
mass unils. 

Furthermore, the mass of a certain nucleus 


is not exactly twice the mass of a nucleus con- 


230% 


GhrorMsm 


taining half as many protons and neu 
even in the same proportion, each to eac 
a little different. 


much less than 1 


These differences a1 
usually %, but they a 
enough to be measured with assurance. 
It really appears, from such measur 
that the mass of a neutron or proton dep: 
what kind of nucleus it finds itself in! 
Vass and The situation is reminiscent 


Energy reaction between hydrog 


oxygen mentioned earlier, 

the energy of the atoms was found to be differen} 
depending on whether they were associated 
hydrogen and oxygen molecules or as molecules 
of water vapor. In that chemical reaction 
an energy difference; with the nuclei, 
measured is a dilferenc: 


mass. However, as early 


1905 Einstein had propose: 
as a consequence of his re! 
go or U:234 tivity theory, that mass ar 
energy are not two entire! 


distinet things but are dif 


< QO00E % 


ferent manifestations of th 

same entity, and that eithe 
92 or U-235 one can be converted int 
The theory le 
to a mathematical equati 


6 the other. 
, 071% 
Q containing a conversion fa 
tor so large that the energies 
g2U * or U-238 evolved or absorbed in ord 
oS nary chemical reactions cor 
v) 99.28% respond to an entirely 
imperceptible chang 


Hen e Ul 


principle ot conservall 


mass per atom. 


mass held true, because th 
Uranum 

most precise balances « 

not measure the infi 
hand, the 


amone 


imal changes.) On the other 
differences per particle found 
though small, are large enough to corresp 
tremendous energy differences. Einstein hi 
suggested nuclear reactions as a likely pt 


ground for this result of his theory. 


The knergy When the data on nuclear ! 


of Nuclei are 


idea that mass differences 


reviewed in the light 


sent energy differences, it appears that the 


of medium mass (roughly between 40 a 


units, or between potassium and molyb 
have less ene! 


stable 


lighter nuclei containing either very few p 


in the periodic sequence 


particle, and are therefore more 


or heavy nuclei with very many partic 
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follow that if two light nuclei could be 
up into a medium-mass nucleus, or if a 






- nucleus could be broken down into 






n-mass nuclei, energ' would be liberated 





in quantities per particle far beyond the 





f the energies released in ordinary chemical 





ns. 


nee 1905, as ways of studying nuclei have 






lied and knowledge of their behavior has 
te sed, this that 
hangeable has been verified experimentally 
Nuclei 
nuclei, 





ide: mass and energy are 






have been 


and in 


different cases. 





fol any 
hanged into other 
such transformation that has been studied 





more stable 






n detail the energy released in the form of radia- 





n and kinetic energy of the particles checks 
the difference in the initial 
actants and the final products, in accordance 





mass between 







vith Einstein’s equation. 






\gain for a specific example let us cite a 
1932 experiment noted in the Smyth Report: 
When lithium is bombarded with protons alpha 
particles are ejected from the target. The nuclear 







ition is written as follows: 


“Li? 






H! > .Het + Het 






1Q 26 g. ol 


Computing mass we find that 3.07 
According to Einstein’s 





mass have disappeared. 





equation this would mean the evolution of 27.6 
(Actually the energy bal- 


27.2 





10° ergs of energy. 





ince, aS Measured experimentally, is 





lv er Thus, long before the atomic bomb, 





gs.) 
the physicists’ experiments that the public knew 
the 


contirmed 


name of “atom-smashing” 
there 


general 
that 
vilhin the atom, stored up in the form of mass. 


inde! 


had enormous energy Is 


What was lacking was a way to get it out on a 


scale larger than a few atoms at a time. 


The “fooling with bursting atoms” 





\atural 






Radio- that the Oklahoman thought so 
activity perilous has actually been going on 

since 1896. The first hint that 
iclet are not permanent and immutable was 
the accidental observation that photographic 





iles blackened when certain minerals 


were 





left nearby. This observation, followed up, 





esulted after many years in the knowledge that 









the nine elements in nature whose nuclei con- 

more than 83 protons are all unstable! 
iT nuclei break down all by themselves, some 
MI at a rapid rate and other kinds slowly. 
The result of each transformation is another 





turn breaks down into 


er nucleus, each time with the ejection ol 


us, and this in 








y and various spare parts, until finally a 





isotope of the element lead is reached. 
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{tom- Among the high-speed particles 


Smashing emitted by some of these “naturally 


radioactive” nuclei when they break 
down is the alpha particle, the doubly-charged 
helium nucleus already mentioned (Fig. 3). In 
1919, in a study of the average range of travel ol 
alpha particles in air, it was found that when an 
alpha particle strikes a nitrogen nucleus, the lat 
ter is sometimes changed into an oxygen nucleus 
The reaction 


and a proton is released. may be 


written as follows: 


»He* -Ni4 > (pli JH! 


hitherto been 
another 


had 
nucleus into 
that 


not completely immune to human tampering. 


This transformation of what 


regarded as a very stable 


nucleus was the first indication nuclei are 

In the succeeding years many such trans 
formations have been made at first only when 
the fast particles and radiations from natural 
radioactive nuclei were used as projectiles. Later 
experiments used protons and deuterons brought 
up to very high speed by man-made devices such 
Fig. 5) and the “electrostatic 
1932, 


recognized among the debris from nuclei in the 


as the “eyclotron” 


generator’. Since when neutrons were 


process of transformation, neutrons have been 
widely used for effecting such nuclear trans 
formations. The neutron, because it has no 


Alternating Voltage 








































larget 

To Illustrate the Principle of the Cyclotron 
{ sually Protons or 
Vust Have in 
The charged par- 


hig. 5 
for Accelerating Charged Particles 
to the High Speeds They 
Order to Penetrate Nuclei. 
ticles start near the center of the pair of half-pillbox 


Deuterons 
{tomuc 


Dees” and travel in semicircles, always arriving at the 
gap at the right time to be accelerated by the alternating 
field between the Dees. Each semicircular path is larger 
than the one before, and the particles finally emerge from 
the edge of the Dees with enough energy to transform 
lo make the particles 
field is 


nuclei in the target material. 


move in semicircles a magnetic necessary 

















charge, has an obvious advantage over a charged 


particle (such as a proton) for penetrating a 


nucleus, for it can get into the nucleus without 
being hindered by the orbital electrons and 
slowed down or repelled by the nuclear charge. 


Artificial In 1934 it was found that the 
Radioactivity transformations of nuclei are 
not always completed right 
after the incident particle hits its target nucleus. 
In many experiments the target nucleus, after 
ejecting one or more particles or making what- 
ever other adjustments are necessary at the 
instant of impact, finds itself still in an unstable 
state and later has to make some further internal 
alterations before reaching permanent stability. 
The usual trouble with the first-formed or inter- 
mediate nucleus is that it has one too many 
protons or one too many neutrons. This fault is 
usually repaired, curiously enough, not by throw- 
ing out the extra heavy particle, but by convert- 
ing it into one of the other kind! An extra proton 
in the nucleus changes into a neutron either by 
ejecting its electrical charge as a_ positive elec- 
tron (symbol: ,e°) or by capturing one of the 
orbital electrons in the atom and thus neutraliz- 
If the 


nucleus happens to have an extra neutron for 


ing the positive charge originally carried. 


stability, this excess neutron changes into a 
proton by ejecting a negative electron (_ ,e°). 
These delayed reactions occur at a rate that 
continually decreases with time. In fact the time 
schedule is similar to the one followed by the 
spontaneous changes among the natural radioac- 
tive elements, and these intermediate unstable 
nuclei are said to be “artificially radioactive”. 
Some 500 different kinds of artificially radioactive 
nuclei have been made and studied, with half-life 
(the time after which half of the unstable nuclei 
originally present have made the change) ranging 
from a fraction of a second to thousands of years. 
nucleus, 


The artificially radioactive 


while it is awaiting its final change, 


Tracer 
Atoms 
is, of course, a perfectly good nucleus 

for an atom. It surrounds itself with the right 
number of electrons to balance the charge of the 
nuclear protons, and the resulting atom shows 
all the chemical properties of other atoms having 
that nuclear charge, and can form all the oxides, 
other chemical 
For example, if the nucleus con- 
Mixed 
in with other zine atoms, it follows along with 
metallurgical 


sulphides or compounds of a 
stable element. 


tains 30 protons the atom is a zine atom. 


them in all their chemical or 
changes until the instant comes for its nucleus 


to change. The location of the atom at this time 


can be determined by detecting the fast | 

or the radiation the nucleus emits while changing 
Such “tracer atoms” have been used to study sell 
diffusion in metals, as well as other probk 
physics, chemistry and biology. 


At the beginning of 1939 the ‘ 


pects for producing atomic pow 


Uranium 
Fission 
in useful quantities looked, in view 
of all the experience with atom-smashing, rather 
It could 
and frequently had been released 


dim. The energy was there, certainly. 
be released - 

by changing one kind of nucleus into another 
True, all the changes that had been effected were 
changes involving the addition or subtraction of 
only a few neutrons or protons, and the energies 
been 
conforming to 


per particle that had realized in thes 
changes — while 
far short of the energy that, it was calculated 
would be freed if medium-mass nuclei could be 
made either by putting together light nuclei o1 
by breaking up heavy nuclei. 

Nevertheless, the energies that had _ bee 


theory wert 


measured were impressive enough, when com 
pared with the energy yields from ordinary 
chemical reactions. The basic trouble was the 
lack of an efficient method for causing the 
nuclear transformations. The nucleus had to be 
struck by some projectile, and to get each projec- 
tile ready and on its way took many times as 
much energy as the nucleus released when it was 
struck. The thing was worth doing on a small 
scale, for information, but as a power source the 
nucleus had not yet shown any signs of paying 
its own way. The auxiliary equipment absorbed 
more energy than the main engine produced 
Early in 1939 this picture changed abruptly 
It was found that a uranium nucleus when struck 
by a neutron sometimes breaks into two medium- 
sized huge quantity ol 
energy that such a disintegration would bh 
expected to yield. Furthermore — and even mort 
important for the self-generating atomic-powe! 


nuclei, releasing the 


problem —the nucleus in splitting throws oul 


some free high-speed neutrons which may them- 
selves cause the splitting of other uranium nucle! 
-a so-called chain reaction. This breaking uj 
of a heavy nucleus into two approximately equa! 
halves soon came to be known as “fission”. 
importance of the 


Chance The vital 


of a neutrons set free in a fission ca 
Chain 
Reaction 


appreciated by considering agai! 
combination of oxygen and hyd! 
to form water 


hydrogen flame or in an exploding mixture. 


vapor, in an 


process, like any other self-sustaining rea 
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is ‘chain reaction”. On the average, every 
water molecule when it forms must prepare the 
way. by breaking up molecules of the unreacted 
.<. for the formation of at least one other water 
molecule — otherwise the oxygen molecules and 
hvdrogen molecules will mingle as strangers not 
int ested in each other. If the formation of 
each water molecule leads, on the average, to the 
formation of more than one additional water 
molecule, the reaction goes explosively in an 
avalanche. If it leads to the formation of just 
one additional water molecule the reaction pro- 
ceeds at a constant rate —it is usually easy to 
control conditions, as they are controlled in a 
flame, for example, so that this happens. But if 
each water molecule has, on the average, less 
than one offspring the race soon dies out and the 
reaction stops. 

This principle, that only chain reactions are 
self-sustaining, applies in nuclear chemistry as 
well as elsewhere. If the fission process was to 
be a self-maintained source of power, each fission 
must (on the average) yield enough neutrons to 
cause at least one additional fission. Could such 
1 chain reaction be realized? In 1939 no one 
knew for certain, and it was no easy task to find 
rut There were many considerations which 
indicated that the chain reaction on uranium 
could indeed be realized, and practically no direct 
evidence that it could not. On the basis of faith 
the research was started. Not until late 1942, 
two years after the subject had been removed 
from public view, was the question definitely 
answered to those directing the work, and the 
answer was first announced to the world nearly 
three years later by the explosion in Hiroshima. 


The Status of the Problem in 1940 


ly the middle of 1940, 18 months after the 
discovery of fission, many experiments with this 
new effect had been made and much information 
bout it had accumulated. The central question, 
Whether a self-sustaining chain reaction would 
work, was still open, but it was possible to esti- 
mate roughly the chance that it would, and the 
chance did not look hopelessly small. The condi- 
tions under which the reaction would be most 
likely to go, if it went at all, could be predicted 
qualitatively. It was fairly clear what further 
experiments would have to be made before one 
could say whether the thing would work at all. 
Finally, the importance of the reaction for power 
production and for military purposes, if the reac- 
tion were possible, could be assessed. 

in the following paragraphs we review the 
State of knowledge in June of 1940, with some 
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discussion of the speculations that this knowl- 
It is to be remembered that 
property 


edge had suggested. 
the factual information was _ public 
throughout the world 
lication in this field was only just beginning 


the censorship on pub- 


Fission It was known that fission by neu 
in Three tron impact occurs in the three 
Known elements uranium, protoactinium 
Elements and thorium. Of these, proto- 


actinium is so scarce in nature that 
it could immediately be ruled out as a possible 
source of atomic energy in any quantity. Ura- 
nium, in which the effect was first discovered, is 
relatively plentiful, the estimate being about four 
parts per million in the earth’s crust. Thorium 
is estimated to be three times as plentiful as 
uranium; on the other hand, it has no apparent 
advantage over uranium. The work has, in fact, 
been concentrated on uranium 


Fast Neutrons It was known that fission in 
and Thermal thorium and protoactinium is 


Neutrons caused by fast neutrons, thou 


sands of times as fast as the 
molecules of air travel due to their heat at ordi 
nary temperatures. In the case of uranium there 
is a difference between the two isotopes that are 
present in significant concentrations. This would 
be expected and was proved at an early date. The 
lighter nucleus, ,.U***, though it can be made to 
fission by fast neutrons, is far more susceptible 
to so-called thermal neutrons, neutrons so slow 
that in bouncing about among nuclei of a mate 
rial at room temperature they neither gain not 
lose speed, on the average. The heavier nucleus, 
l*85, is not fissionable by thermal neutrons; 
however, when a neutron with speed approxi 
mately a hundred times the thermal speed hits a 
92U*55 nucleus it is very likely to be absorbed, 
changing the nucleus to ,.U***. This absorption 
of vagrant neutrons would obviously be a serious 
obstacle to the achievement of a chain reaction in 
natural uranium, wherein the heavy nucleus, it 
will be recalled, is 140 times as abundant as the 
light one. If a chain reaction was to go forward 
in this natural mixture the high-speed neutrons 
emitted in the fission of a ,.l nucleus would 
have to be slowed down to thermal speeds by 
collisions with other nuclei before they would be 
very apt to cause fission of further ,.U nuclei, 
and it was a grave question what fraction of 
them could be slowed down to thermal speeds 
without being lost at the intermediate speeds by 
absorption in the ».U*%* 
On the favorable side, it was known that a 
nuclei 


fast neutron bouncing about among ,.| 











loses energy by stirring up the nuclei (“inelastic 


collisions”) without being absorbed by them. 
One to Three The number of fast neutrons 
Veutrons Per 
Fission to lie between one and three. 

All the hope for the project 


emitted per fission was known 


was based on this crucial fact. If the average 
fission yielded less than one neutron, fissions 
could never reproduce themselves in a self- 
sustaining or multiplying chain reaction; but 
with a yield greater than one there was a pos- 
sibility that conditions might be so arranged that 
at least one neutron from the average fission 
would avoid all the pitfalls while it slowed down 
and it could finally reach another ,.U**° nucleus 
with the right speed to cause another fission. The 
known upper limit of three fast neutrons per 
With so few to 


start with, every precaution would have to be 


fission was a sobering datum. 


taken against losing neutrons by non-fission 


processes. The bare possibility of a chain reac- 
tion was there, certainly, but at best it would 
take some skillful managing to make it go, and 


there was no certainty that it could be achieved. 


It was also known in 1940 that 


The Fission 
Products the products of fission of a ».U*% 
nucleus, in addition to the few 
fast neutrons that are so important, are a pair of 
unstable nuclei, each one accounting for roughly 
half the particles (protons and neutrons) con- 
tained by the original uranium nucleus. These 
newly born nuclei, containing too many protons 
or too many neutrons for stability, change radio- 
actively through various stages until they finally 
become stable medium-mass isotopes of elements 
near the middle of the periodic table. It was 
recognized that the fast particles and radiations 
emitted in the fission and in these subsequent 
changes (and escaping from the mass) would be 
hazardous to health, and that protection against 
them would be needed if an atomic-power plant 
using uranium fission were ever constructed. It 
was expected, moreover, that at least some of 
these product nuclei would be very likely to 
absorb neutrons of various speeds and that a 
chain reaction, if it were once started, might 
well be halted by the accumulation of neutron- 
absorbing products long before the supply of 
fissionable nuclei was seriously depleted. 

The Energy The total energy set free in each 
of Fission , fission was known to be ApPproxrt- 
mately 200 million electron volts. 
This meant, in more everyday terms, that when 


all the atoms in 1 Ib. of ,.l nuclei had under- 


gone fission a total of 10.000.000 kw-hr. of « 


would have been released. To generat: 
quantity of energy by burning coal, about 
tons of coal would be required; to release 
exploding TNT would need approximately l vty 
tons of TNT. 


could be achieved, had tremendous promise 


Evidently the chain reaction 
for productive and for military uses. 
The Prospects in 1940 


In 1940 there was wide divergence of opinion 
among responsible scientists as to whether the 
chain reaction could or could not be realized, but 
there was general agreement that the answer 
would be well worth finding out. There was 
general agreement, moreover, in view of the wars 
expanding in Europe and Asia, that it would be 
foolhardy to make the results of such researches 
freely available to the world at large. The censor 
ship of publications in the field of fission and 
related subjects, at first on a voluntary basis 
started in 1940.* 

The secret work of the next five years, though 
it grew in size and complexity beyond all fore- 
casting, was in its main lines a development 
ideas that were fairly well-defined at the start 
It will help, in reviewing the various phases ol 
the project, to have in mind what problems wer 
outstanding in 1940 and 
thought most likely to solve them. 


what means wert 


Veutron A chain reaction, with every fission 


Losses of a U-235 nucleus giving rise on the 
average to at least one other fission 
was desired. The average fission gives m 
than one neutron, but not all can be effective | 
causing another fission because any fast neul! 
sel free in a fission would have one or anothet 
the following four possible fates: 

1. It might fly clear out of the uranium 
mass and be lost by absorption in the surround- 
ing material. 

2. It might be absorbed by the nucleus 
some impurity atom in the uranium or ol 
materials present. 

3. It might be absorbed by one of the m 
more numerous U-238 nuclei. The chances 
that the neutron would make 140 collisions 
U-238 nuclei for every collision with a | 
nucleus; the loss by this process would ther 
be expected to be a major one. 

t+. It might be absorbed by a U-235 nu 


and produce another fission. This was the 


*A sprightly account of the espionage and 
ter-espionage that shielded the project for four 
was printed in The New Yorker for Oct. 27, 194 
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able alternative of the four, and the chain 
ion could not occur unless the competition 
the other three processes could be made 
ciently small. 
TI Alternative (1), loss by escape, 
Critical would be certain to happen to nearly 
Sins all the neutrons if the lump of 
intended reactant was very small; it 
ld also happen to approximately half the 
neutrons set free near the surface, no matter how 
big the lump. But if enough uranium were got 
together so that the average neutron set free 
somewhere in it would have only a small chance 
of getting outside before being slowed down to 
thermal speeds, this loss of neutrons by escape 
could be made small in comparison with the other 
alternatives. (Remember that even an assem- 
age of a billion atoms is largely space —— in 


‘ 


comparison with the “size” of a nucleus so a 
neutron can travel a comparatively long way 
before it collides with something “solid”. It 
would be best to shape the uranium in some com- 
pact geometrical form ideally, a sphere to 
contain the volume in as small a surface as pos- 
sible. There might also be some advantage in 
enclosing the uranium in a thick layer of mate- 

i! whose nuclei would tend to bounce the neu- 

ns back into the uranium without capturing 
them or letting them through. 

At the best, however, if the chain reaction 
was to go at all, the reacting mass would have to 
be bigger than a certain critical size. The ques- 
tions were: Would any size be big enough? Would 
What 


tricks could be done with materials, arrange- 


the critical size be impracticably large? 


ments and neutron-reflecting envelopes to make 

the critical size as small as possible? 

Impurities As for alternative (2), it was 
known that certain nuclei if pres- 

ent as impurities to the extent of only a few parts 

per million would soak up so many neutrons as 
make a chain reaction impossible. The prob- 

m of getting rid of all such impurities to the 


st trace was certain to be a big one. 


Isotope The obvious way of combatting 
alternative (3 
ture by U-238 nuclei, would be to 

the U-235 atoms out of the mixture of 
pes and discard the U-238. The free neutrons 


Separation non-fission cap- 


i mass of separated U-235, bouncing only from 
U-235 nucleus to another, would have a fair 
ice of being absorbed and causing fissions 
1 before they were slowed to thermal speeds. 


isotopes 


Unfortunately, the separation of 


looked to be and proved to be no Casy job. It 
had been done by several investigators, but only 
in barely microscopic quantities for experimental 
use. Perhaps it could be done on a large scale, 
but mammoth plants would be required at best, 
and in 1940 there was no certainty that any one 
of the known methods of isotope separation could 
be adapted to large-scale operation. Five years 
later, as it turned out, two of these methods had 
been developed to the necessary degree and were 
vielding large quantities of separated U-235, In 
1940, however, there was no choice but to see 
what could be done with the natural mixture of 
isotopes, where a free neutron hits 140 nuclei ol 
U-238 for every one of U-235. 

Use of a The simplest procedure, in prin 
Voderator ciple, would have been to accumu- 
late a large number of pieces of 
pure uranium metal and see whether, when these 
were piled together, a self-sustaining chain reac 
tion would start when a certain size was reached 
However, consideration of the details of what 
would go on in such a pile suggested several 
things that might be done to reduce the critical 
known 


size or rather, since it was not vet 


whether any size would be big enough, to improve 


the chance that a chain reaction would occur 

For one thing, the fast neutrons emitted in 
a fission would have to be slowed down before 
they could be very effective in causing other 
fissions. Remember that the slow moving neu 
trons are more effective in splitting U-235 than 
speedy ones.) It would be well to do this slowing- 
down in as small a space as possible, and well to 
do it with material unlikely to absorb the neu 
trens; very light nuclei, which would recoil rap- 
idly from the impact of neutrons and absorb 
much kinetic energy pel collision, would be best 
for the purpose. 

The idea of diluting the uranium with some 
light-nucleus material (called a “moderator”) to 
help slow down the neutrons could be examined 
theoretically, and it proved to be sound rhe 
requirements for a moderator nucleus are that it 
should not absorb neutrons strongly, and that its 
mass should match the mass of the neutron as 
nucleus, a 


nearly as possible. The hydrogen 


single proton, would fill the latter requirement 


almost perfectly, but the other consideration 
made the deuterium nucleus with one proton and 
one neutron seem a better choice. Either hydro 
gen or deuterium might be used (even when 
combined with oxygen as water or heavy water 

The use of helium, a permanent inert gas, would 
clearly present some serious practical difficulties 


Lithium and boron are unusable because of theu 
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high neutron absorption. Beryllium and carbon 
would both be possibilities. 

So the list of materials to consider for a 
moderator was fairly limited it came down to 
water, heavy water, beryllium and carbon. 

Use of Assuming that a moderator would 
a Lattice be used, it did not follow that a 

homogeneous mixture of uranium 
and moderator atoms would be the best arrange- 
In fact, considering that the free neutrons 
are in greatest danger of being absorbed uselessly 
by U-238 nuclei while they are slowing down 


ment. 


through a certain range of speeds above the 
thermal range, it appeared that neutrons could 
be conserved by letting them leave the uranium 
while still at high speed, slow themselves down 
by collisions in a moderator, and return to the 
uranium only after their speed had fallen so low 
that fission-capture in U-235 would be much more 
likely than non-fission capture in U-238. A lat- 


-Uranum 
Meta/ 


Graphite or 
Heavy Water 


hig. 6 Principle of the Lattice Moderator Method 
for Getting a Self-Sustained Chain Reaction With the 
Normal Mixture of Uranium Isotopes. Each slug of 
uranium shoots fast neutrons, set free by fission, into 
the moderator around it and receives slow neutrons, 
suitable for causing other fissions, from the moderator 


tice arrangement, with lumps of solid uranium 
imbedded in a matrix of pure moderator mate- 
rial, seemed to be the nearest practicable approach 
to this ideal situation. 

How big should the lumps be? 
In what geometrical arrangement? With 


How far 
apart? 
the optimum choice for all these variables, what 
would be the critical size? 

The answers to such questions of design 
could be calculated, subject to wide uncertainties. 
(The available data concerning the interactions 
of neutrons and nuclei were none too accurate.) 
It was possible, moreover, to improve the accu- 


racy of these data by doing some small-scale and 


intermediate-scale experiments. 


The Question The most optimistic estimates 
of Materials of the critical size indicated 
that fons of pure uranium 

tons of pure moderator would be needed, yet by 
1940 only a few ounces of metallic uraniun 
doubtful purity, had ever been produced in this 
country! Deuterium, perhaps the most desirab! 
of the possible moderators, had been separated 
from the ordinary hydrogen isotope, which ; 
5000 times as abundant, in enough quantity | 
make a few quarts of heavy water for experi- 
mental use, but there was no bright prospect ot 
pushing the output, from any known separation 
method, up to the scale of tons. Beryllium was 
being widely used as an alloying agent, but only 
700 Ib. of the metal itself were produced in 1940 
in the United States. Carbon in the form of 
graphite was being made in great bulk, of course 
but whether tons of it could ever be available 
with the required purity was an open question 
Even if there were a certainty that the chain 
reaction could be made to go, to get the materials 
for it would clearly require starting a large indus- 
try almost from scratch. 

To summarize: In 1940, fission of uranium 
in a self-perpetuating chain reaction was seen t 
be a goal of tremendous importance, surrounded 
by tremendous obstacles, and perhaps not eve! 
attainable —- even in principle. 


The Chain Reaction Works! 


We pass over two and a half years filled with 
experiments and calculations, with occasions for 
elation and for despondency, with organizations 
and reorganizations and continual expansion ol 
effort, and come to December 2, 1942. 

The scene is a squash court at the University 
of Chicago. The object of interest is a flattened 
spheroidal pile of graphite blocks, supported in a 
wooden framework, resembling in some degree 4 
mammoth door knob. Within this pile, spaced 
among the graphite blocks so as to form a cubi 
lattice, are lumps of uranium metal six tons 
of metal and other lumps of uranium oxide 
Through the pile near its center run three chan 
nels each containing a rod of cadmium. Imbedded 
in the pile and distributed around it are various 
detectors for measuring the flux of free neutrons 
and the rate at which fission is occurring. 

Two of the cadmium rods are pulled ou! 
completely, and the third is then slowly with- 
drawn. When it is part way out the detectors 
show that the number of fissions per secon 
the pile is increasing rapidly, actually in ! 
away fashion. It possible, by slight! 
in-and-out movements of the cadmium rod abou! 


proves 
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this critical position, to stabilize the rate of 
fission at any desired level. The thing is the 
first one of its kind ever initiated by man: A 
self-sustaining nuclear chain reaction! 

The energy produced by this first pile was 
minuscule —-for the first ten days it was per- 
mitted to generate 4% watt or less, and thereafter 
it was run at 200 watts. The heat equivalent of 
the energy liberated was so little that it could not 
easily be measured directly; it was more con- 
venient to compute it from the measured number 
of U-235 fissions per second. However, this first 
pile was an answer of the most concrete and 
undeniable sort to many of the questions that 
had been debated since the discovery of the fission 
effect: A chain reaction could be achieved with 
the normal mixture of uranium isotopes; the 
critical size, if the uranium was associated with 
a suitable moderator in a suitable lattice array, 
was not unmanageably large; and the reaction 
was easily controllable. The data and calcula- 
tions basic to the design of this first pile were 
confirmed by its success and could be used with 
issurance in the design of later piles. (Actually, 
the critical size allowed for in the design had 
been a little too generous, and the pile had had to 
be flattened off when the measurements during 

assembly showed that the intended full-sphere 
uld be too big.) Finally, the pile itself was 
tilable as a useful tool for further experiments. 


Fig. 7 


Size. 


absorbing control rods. 
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Showing How the First Self-Sustained Chain- 


Reacting Graphite-Uranium Pile Approached Its Critical 


After completion of a certain number of layers 


of graphite blocks and uranium slugs, the reaction could 
be kept from running away only by use of neutron- 


{dapted from the Smyth Report) 











Control The question of control is one which 
has not yet been discussed in this 
article. So long as there was serious doubt that 
a chain reaction could be initiated, worries over 
how to control it would have been premature, but 
as the early tests and figures placed the prospect 
in a more and more favorable light the question 
became pertinent and pressing. 

In any chain reaction, if the process is to go 
at a constant rate there must be some mechanism 
which keeps the reproduction factor, the average 
number of new reactions produced in conse 
quence of a single reaction, exactly equal to one 
If it is less than one the process soon plays out 
to a halt; if it is more than one the process runs 
away. In many of the familiar chemical chain 
reactions, such as the burning of an oxy-hydrogen 
flame or the burning of coal in air, the process 
is automatically limited by the rate at which the 
inert products are got out of the way and replaced 
by fresh reactants. 

For the fission reaction, it was originally 
expected that Nature might take care of the mat- 
ter unaided; as the reaction proceeded the mass 
would become hotter, the average speed of the 
thermal neutrons would go up, their chances of 
causing fission in the U-235 nuclei would cor 
respondingly go down, and stability would auto- 
matically be reached at some temperature and 
some corresponding rate of fission. It was recog- 
nized that in principle the reaction might be con- 
trolled all the way down to a zero rate by placing 
in the mass some movable strips or rods of cad- 
mium or boron steel or other strong neutron 
absorber, and adjusting these strips so as to keep 
the flux of free neutrons at any desired level. As 
a practical matter, it was not certain that the 
reaction would not start and run away faster than 
the controls could be manipulated to keep it in 
check, in view of the speed of the neutrons, 


Delaved Such fears, as the matter turned 
Neutrons out, were ungrounded. Very con- 

veniently, it was discovered, the 
neutrons from a fission are not always all emitted 
at the instant the incident neutron strikes the 
U-235 nucleus; on the average, 1% of them are 
delayed by at least 0.01 sec., and approximately 
seven out of every 10,000 are delayed by at least 


1 min. This means that if the control rods are 











pulled out a little too far, so that the reaction 
can run away, it runs away not immediately but 
gradually, as the delayed neutrons build up in 
concentration. The times involved are longer 
the lower the power level at which the pile is 
operating, but even at a high power level they are 
long enough to permit easy control by movable 
rods. The control can, in fact, be entirely auto- 
matic, with a neutron detector in the pile to 
measure the flux of free neutrons and govern 
the adjustment of the rods to keep this flux at 
the desired constant value. 

It will be noted that the construction of this 
first pile embodied the general principles that 


had been recognized in 1940 — namely, the use of 


a moderator to help slow down the neutrons 
out capturing them, and the use of a | 
arrangement to help save the neutrons from 
fission capture by U-238 nuclei while they 
slowing down through the critical range of speeds 
where such capture is highly probable. The story 
of how the materials, almost totally lackin t 
1940, had been got together will be summarized 
later. 1942 enough 


graphite of adequate purity, and enough uranium 


Obviously, by the end of 


in the form of metal and oxide, had been accumu 
lated to make an operating example of a self- 
maintained fission reaction. 

The thing would work! How was it 


used? 


The Chain Reaction as a Weapon for War 


_ time, remember, was December 1942, a 
year after the attack on Pearl Harbor. The 
important thing, in the midst of a war, was to 
exploit the fission process not as a source of 
controlled power but as a military explosive. 
The destructiveness of an atomic bomb, if one 
could be made, was a matter for estimate, and it 
appeared likely that atomic bombs might well 
be decisive weapons, capable of winning the war 
quickly for whichever side first succeeded in 
making them. The Germans, of course, had 
known as much as we did about the problem in 
1940 in fact, fission had first been discovered 
in Germany. It was certain that our enemies 
were actively working on it. In Norway they 
controlled the only plant in the world for separat- 
ing deuterium on a large scale, and they had 
ordered large quantities of deuterium-containing 
paraflin to be made. There was no known use 
for large quantities of this compound except in 
connection with the uranium problem. 
Bombs and The chain reaction in normal 
Fast graphite, it was 
Neutrons could hardly be expected to serve 


understood, 


directly for a bomb. The time 
required tor the fast neutrons to slow down to 
thermal speeds, short as it is, is too long. In 
such an interval the atoms of uranium and graph- 
ite in the uncontrolled reaction would be thrown 
far apart, so that most of the neutrons would be 
wasted by escape and most of the fissionable 
nuclei would be dispersed unfissioned. An atomic 
bomb, like TNT or any other chain-reaction 
explosive, cannot make efficient use of the energy 
latent in it unless the reaction goes so quickly 
that the material does not have time to get spread 
far apart before a sizable share of the energy is 


released. For an atomic bomb, this means that 
the fission must be done with fast neutrons. 
Now it was known that fast neutrons would 
cause fission in U-235, though with a lower prob 
ability per collision than thermal neutrons. Ot! 
course the rate of the fast-neutron fission process 
could be increased most 


readily by providing 


nothing but U-235 nuclei for the fast neutrons t 
hit. It was expected that if enough U-235 atoms 
could be separated from the U-238 atoms and 
could be brought together rapidly in one place an 
eflicient explosive chain reaction with fast neu 
trons would occur. The critical size for a lump 
of pure U-235 was estimated to be somewher 
between two and 200 lb. The energy released by 
such a bomb would be as much as the energy 
released in exploding many thousand tons 
TNT! 

could be prophesied in detail only by the exper! 


The military effects of such an explosi 


but it was obvious to anyone that there would 
destruction on a vast scale 

It was these considerations that had spur! 
the effort to develop methods for separating | 
uranium isotopes in quantity, and had justil 
the expansion of this effort even after it beca! 
clear that the slow-neutron chain reaction wo 
succeed in the unseparated mixture. 
Uranium Even in 1940, however, anol 
Piles 
to Make 


Plutonium 


possibility for an atomic explos 
was seen, at first dimly, and | 
more and more clearly as ex] 
ments were carried out to tes! 
original idea. By December of 1942, when a 
trolled chain reaction in a pile of unsepat 
uranium and graphite had been demonstr: 
the immediate future for such piles was alr 


planned. More of them would be built, 0 
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r and much more powerful. The energy 
t! released would be thrown away, somehow; 


(tempt would be made to harness it. Instead, 
the piles would be used solely as factories for 
ing a fission-explosive material similar to 
'-235, and this explosive material would finally 
be used for atomic bombs. 

This new explosive material has not figured 
in our discussion hitherto, because it is an inci- 
dental by-product of the chain reaction in the 
phite-uranium pile and not an essential ingre- 
What happens is this: 


Some of the neutrons, especially those in a cer- 


dient of this reaction. 


ta range of speeds, are absorbed by U-238 
nuclei. (It will be recalled that the moderator 
ind the lattice structure were devised to keep 
this absorption by U-238 from soaking up too 
large a fraction of the free neutrons.) Capture 
fa neutron converts the U-238 nucleus to U-239. 
rhis nucleus is unstable; it soon changes one of 
its neutrons into a positively charged proton by 
somehow shooting off a negative electron, and 
thus becomes the nucleus of a new chemical ele- 
ment, called “neptunium”., This nucleus, 9,Np***, 
still has too many neutrons for stability, and 
soon emits another electron to change another 
neutron into a proton. The resulting nucleus 
then contains 94 protons; it is the nucleus of 
nother new chemical element, called “pluto- 
nium”; its symbol is »,Pu**, 
The plutonium nucleus is not entirely stable 
like all the other nuclei containing more than 
‘3 protons it is naturally radioactive, and it ts 
in fact subject to spontaneous change with ejec- 
tion of an alpha particle but its natural life 
expectancy is so long that for practical purposes 
itcan be regarded as a permanent nucleus. The 
reactions leading to it can be summarized in the 


shorthand notation as follows: 


{0238 + on! > ,.U239 
92U? ool o3Np? he. je" 
13 Np?3? —> ,,Pu25® + _,e° 


The importance of plutonium for the atomic 
bomb project arises from two facts: (a) Like 
U-235, it is caused to fission by neutron impact, 
and (b) it is a different element, chemically, 
irom the uranium in which it is formed. The 
lirst fact means that plutonium may be suitable 
lor an atomic bomb; the second means that it 

1 be removed from the surrounding atoms 
ind concentrated by chemical methods much 
more readily than the rare U-235 isotope can be 
separated from its chemical twin U-238. 

Even in 1940 it was surmised on theoretical 
grounds that plutonium would be formed, that it 
uld be practically stable, and that it would 
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have fission properties similar to those of U-235 
These surmises were soon confirmed by expert- 
ment. By the end of 1942 the manufacture of 
plutonium in a chain-reacting pile and its sepa- 
ration by chemical means from the uranium was 
a well-defined possibility. For a year or more, 
in fact, this possibility had been recognized as the 
chief and urgent reason for wishing to realize 
the chain reaction. 

Already much had been learned from small- 
scale even microscopic experiments not only 
about the nuclear properties of the new clement 
plutonium, but also about its chemistry. A sam 
ple of the stulf not the ,,Pu 
the pile reaction, but its isotope ,,Pue* had 


been made by bombarding uranium with high 


expected from 


speed deuterons accelerated in a cyclotron, the 


sequence of events being: 


92238 + ,H? > ,,Np?38 + 2on! 
og Np*38 — ,, Pu? e° 


This sample, though smaller than the head of a 
pin, had been large enough for the micro-chemists 
to study thoroughly. They had found that pluto 
nium, though generally like uranium itself in its 
chemical properties, has certain peculiarities of 
its own which would make it separable trom ura 
nium and the various fission products in the pile, 
and by December 1942 the chemists on the project 
understood fairly well how to set about the job 
of extracting traces of plutonium from a large 
quantity of uranium mixed with various medium- 
mass fission products. 

The proposal, then, was to build giant chain 
reacting piles, feed uranium into them, let the 
reaction proceed until a worthwhile concentra 
tion of plutonium had built up, remove the metal, 
extract and purify the plutonium, and find out 
how to use plutonium efficiently in a fast-neutron 
fission atomic bomb all this to be done before 
the enemy’s efforts to make atomic bombs, how 


ever he might be going about it, had succeeded 


Size of The magnitude of the venture is evi 
Factory dent from some simple considera 
Needed tions: If the critical size of a Pu-239 


bomb is between two and 200 Ib., as 
the estimates for U-235 indicated, a production 
in the neighborhood of 2 lb. of plutonium per day 
would seem to be a reasonable requirement 
What would be the energy balance for such an 
operation? 

One of the neutrons from each U-235 fission, 
on the average, has to be used up in another 
fission in order to keep the chain reaction going 
Some of the remaining neutrons would be 


absorbed in various impurities and in the neces 









: ive ATOMIC BOMB is a frightening thing, not 

because we are afraid of what we can do with 
it, but because we are afraid of what an enemy 
could do with it. It does not frighten us that the 
English and the Canadians share fully our knowl 
edge because we trust them. They also trust us. 
We would share fully our knowledge of life and 
death, even, with any people that we trusted, and 
in turn trusted us. Mutual trust is essential. 

Man is not afraid of the truth; he is not afraid 
of what he knows. He is afraid of what he doesn’t 
know. His suspicions breed fear. Hence the para 
mount necessity of the freest interchange of ideas 
In such an important thing as war-making ability 
he instinctively feels that censorship means that 
something is going on that bodes no good to him 
and therefore must be hid. That 
‘*foreigner’s’’ view of the Anglo-Saxons, also. 

Whom can we trust? 

While the use of an atomic bomb can be deter 
mined by politicians, diplomats and militarists, 
either sane or insane, high-minded or ambitious, its 
manufacture and further perfection depend on 
engineers and scientists. Here enter a new field of 
human endeavor and another class of human beings. 
Successful engineers and scientists, men competent 
to make and perfect atomic 
truth. Men of truth perforce, for a lie never built 


woes for the 


bombs are 


Metal 
represents his views. It is not an official 


*This editorial was written by the Editor of 
Progress and 
pronouncement of The American Society for Metals 





An Oath for Scientists and Kngineers 


{n Editorial* 


men of 


a safe bridge, discovered a mathematical forn 
deduced a physical principle, or synthesized a 
chemical. Engineers and scientists must knoy 
truth, accept the truth, use the truth. 

In such a group of men, including all nat 
alities, 1s our present hope that civilization 
humanity even can withstand the atomic b! 
If the politicians, diplomats and militarists car 
devise some means of free interchange of the tr 
about atomic energy, at least the 
scientists can proceed on their own. 
meet internationally and open their 
by swearing to a new Hippocratic oath: 

‘‘As a trained scientist or engineer, I 
acknowledge my profound belief that the 
laws of Nature operate for all mankind, irre- 
spective of nationality, creed or color, and 
I am therefore in duty bound to share my 
searches and discoveries in atomic energy 
freely with all others, by word of mouth, 
writings, publications, and visitations, and 
that this paramount duty to Mankind tran- 
scends any lesser loyalty whatever.’’ 


engineers 
They 


pro ePeadil 


No scientist or engineer who swore to that oath 
would submit to censorship no matter how specious 
nor could he work in a secret laboratory devising 
bigger and better atomic Even in Nazi 
Germany there would be enough brave lovers of 
truth and humanity to bring out the news befor: 
these horrible things could be secretly perfected 


bombs. 








Some would 
three neu- 


sary structural members in the pile. 
escape. Assuming that fewer than 
trons are set free in the average fission, it could 
be expected that considerably less than two neu- 
trons per fission could be spared for absorption 
in U-238 to produce Pu-239. 

On this basis it would be necessary to have 
lb. of U-235 
nuclei per day in order to produce 2 lb. of Pu-239 


fission occur in rather more than 1 


per day. 

Fission of 1 lb. of U-235 is known to liberate 
approximately 10,000,000 kw-hr. (10 million) of 
energy; averaged over a 24-hr. day this dissipa- 
tion amounts to nearly 500,000 kw. This is the 
crudest kind of estimate, of course 
tion might have to be much more, but it could 
scarcely be many-fold less. Smyth allows that 
between 500,000 and 1,500,000 kw. would be a 
reasonable guess for a plant producing 1 kg. 
(2.2 lb.) of plutonium per day. For comparison, 
the ultimate capacity of the hydro-electric power 
plants at Grand Coulee Dam is expected to be 
2,000,000 kw. 

The prototype for this proposed plant, the 
uranium-graphite 


the dissipa- 


only working example of a 
chain-reaction plutonium factory in existence al 


the beginning of 1943, was operating at a level « 
0.2 kw., producing plutonium at a rate which woul 
yield enough for a military bomb in something ov 
70,000 years! 

There was no possibility, of course, of mere! 

scaling up this first pile by a factor of several mi 
lion; the production piles would have to be designe 
essentially from scratch. Actually, in anticipati 
of the success of the first pile, such problems 4 
could be foreseen in the design of a production pla 
were already being studied in 1942, even before th 
first pile was assembled. 
Supply of As to one central problem, the supp! 
Uranium of pure uranium metal as raw male 
rial for the factory, some quotations" 
from the Smyth Report will tell the story. Revie’ 
ing the situation in 1940 (Chapter ID): 

“Deposits of uranium ore are known to ex! 
in Colorado, in the Great Bear Lake region of nort! 
ern Canada, in Joachimstal in Czechoslovakia, 3! 
in the Belgian Congo. Many other deposits 
uranium ore are known, but their extent is in ma! 
Uranium is always found W 


cases unexplored. 


*From here on, wordage in quotations is 
batim copy from the Smyth Report. 
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TM HE PRESIDENT of the United States, the 

* Prime Minister of the United Kingdom, and 
Prime Minister of Canada issued the following 
tement on November 15, 1945: 


ONE We recognize that the application of 
ent scientific discoveries to the methods and 
tice of war has placed at the disposal of man 
d means of destruction hitherto unknown, 
iinst which there can be no adequate military 
fense, and in the employment of which no single 
tion can in fact have a monopoly. 

Two— We desire to emphasize that the 
sponsibility for devising means to insure that the 
vy discoveries shall be used for the benefit of 
nkind, instead of as a means of destruction, 
sts not on our nations alone, but upon the whole 
ilized world. Nevertheless, the progress that we 
ve made in the development and use of atomic 

nergy demands that we take an initiative in the 
matter, and we have accordingly met together to 
nsider the possibility of international action: 

(a) To prevent the use of atomic energy for 
estructive purposes. 

(b) To promote the use of recent and future 
lvanees in scientific knowledge, particularly in 
e utilization of atomic energy, for peaceful and 

humanitarian ends. 
THREE — We are aware that the only complete 
rotection for the civilized world from the destruc 
tive use of scientific knowledge lies in the preven 
on of war. No system of safeguards that can be 
devised will of itself provide an effective guarantee 
against production of atomic weapons by a nation 
bent on aggression. Nor can we ignore the pos 
sibility of the development of other weapons, or of 
new methods of warfare, which may constitute as 
reat a threat to civilization as the military use of 
itomie energy. 

Four — Representing, as we do, the three coun- 
ries which possess the knowledge essential to the 
ise of atomic energy, we declare at the outset our 
willingness, as a first contribution, to proceed with 
the exchange of fundamental scientific information 
nd the interchange of scientists and scientific liter- 
ture for peaceful ends with any nation that will 
I uly reciprocate. 

Five — We believe that the fruits of scientific 
research should be made available to all nations, 
and that freedom of investigation and free inter- 
‘thange of ideas are essential to the progress of 
nowledge. In pursuance of this policy, the basic 
scientific information essential to the development 
f atomic energy for peaceful purposes has already 

en made available to the world. It is our inten- 
m that all further information of this character 
it may become available from time to time shall 
similarly treated. We trust that other nations 
| adopt the same policy, thereby creating an 
mosphere of reciprocal confidence in which politi- 
agreement and cooperation will flourish 

SLX We have considered the question of the 

closure of detailed information concerning the 
ictical industrial application of atomic energy. 
e military exploitation of atomic energy depends, 


Official Declaration About Atomic Energy 


in large part, upon the same methods and processes 
as would be required for industrial uses 

We are not convinced that the spreading of 
the specialized information regarding the practical 
application of atomic energy, before it is possible 
to devise effective, reciprocal, and enforceable safe 
guards acceptable to all nations, would contribute 
to a constructive solution of the problem of the 
atomic bomb. On the contrary, we think it might 
have the opposite effect. We are, however pre 
pared to share, on a reciprocal basis with others of 
the United Nations, detailed information concern 
ing the practical industrial application of atomic 
energy just as soon as effective enforceable safe 
guards against its use for destructive purposes can 
be devised. 

SEVEN 
means of entirely eliminating the use of atomic 
energy for destructive purposes and promoting its 
widest use for industrial and humanitarian pur 
poses, we are of the opinion that at the earliest 


In order to attain the most effective 


practicable date a commission should be set up 
under the United Nations Organization to preparé 
recommendations for submission to the organiza- 
tion. The commission should be instructed to 
proceed with the utmost dispatch and should be 
authorized to submit recommendations from time 
to time dealing with separate phases of its work. 

In particular the commission should make 
specific proposals: 

(a) For extending between all nations the 
exchange of basic scientific information for peace 
ful ends 

(b) For control of atomie energy to the 
extent necessary to ensure its use only for peaceful 
purposes. 

(c) For the elimination from national arma 
ments of atomic weapons and of all other major 
weapons adaptable to mass destruction 

(d) For effective safeguards by way of inspec 
tion and other means to protect complying states 
against the hazards of violations and evasions. 

EIGHT The work of the commission should 
proceed by separate stages, the successful comple 
tion of each one of which will develop the necessary 
confidence of the world before the next stage is 
undertaken. Specifically it is considered that the 
commission might well devote its attention first to 
the wide exchange of 
information, and as a second stage to the devel 
opment of full natural 
resources of raw materials. 

NINI Faced with the terrible realties of the 
application of science to destruction, every nation 


scientists and scientific 


know le dge conce) ning 


will realize more urgently than before the over 
whelming need to maintain the rule of law among 
nations and to banish the scourge of war from the 
earth. This can only be brought about by giving 
wholehearted support to the United Nations Organ 
ization, and by consolidating and extending its 
authority, thus creating conditions of mutual trust 
in which all peoples will be free to devote them 
selves to the arts of peace. 
It is our firm resolve to work without resery 

tion to achieve these ends. 














Both 
Small 


radium although in much larger quantity. 
are often found with vanadium ores. 
quantities of uranium oxide have been used for 
many years in the ceramics industry 

“As has already been mentioned, little or no 
uranium metal had been produced up to 1940 
and information was so secant that even the melt- 
ing point was not known. For example, the 
“Handbook of Physics and Chemistry” for 1943- 
1944 says only that the melting point is below 
1850° C. 
neighborhood of 1150° C 
uranium was concerned, there was no. insur- 


whereas we now know it to be in the 


Evidently, as far as 


mountable difficulty as regards obtaining raw 
materials or producing the metal, but there were 
very grave questions as to how long it would take 
and how much it would cost to produce the 
necessary quantities of pure metal.” 

Later (Chapter VI): 

“Obviously there would be no point in under- 
taking this whole project if it were not going to 
be possible to find enough uranium for producing 
indications were favorable, 


the bombs. Early 


and a careful survey made in November 1942 
showed that immediate delivery could be made 
of adequate tonnages of uranium 

“At the end of 1941 the only uranium metal 
in existence was a few grams of good material 
made on an experimental basis by the Westing 
house Electric & Mfg. Co. and a few pounds of 
highly impure pyrophoric powder made by Metal 
Hydrides Co. The only considerable amount of 
raw material then available in this country was 
in the form of a commercial grade of black ura- 
nium oxide, which could be obtained in limited 
quantities from the Canadian Radium and Ura- 
nium Co. It contained 2 \o 5% of impurities 

“By May 1942, deliveries averaging 15 tons 
a month of black oxide of higher purity and more 
uniform grade started coming in. Total impuri- 
ties were less than 1 boron comprised a few 
parts per million Deliveries of this material 
reached a ton a day in September 1942. 
National 


Hollman demonstrated that, 


“Experiments at the Bureau of 
Standards by J. L. 
by the use of an ether extraction method, all the 
impurities are removed by a single extraction of 
uranyl nitrate. The use of this method removed 
the great bulk of the difficulties in securing pure 
oxide and pure materials for the production of 
1942, 
completed with the Mallinckrodt Chemical Works 


metal. Early in May arrangements were 
in St. Louis to put the new grade of oxide through 
an ether extraction process on a production basis 
for a further reduction in impurity content and 
to deliver the final product as brown dioxide. 


Deliveries started in July 1942 at a rate of 30 


tons a month. This oxide is now used as a 
ing point for all metal production, and no | 
degree of purity can be expected on a comn 
scale. In fact, it was a remarkable achiey 
to have developed and put into production 
scale of the order of one ton a day a proce: 
transforming grossly impure commercial 

to oxide of a degree of purity seldom ach 


even on a laboratory scale. 


S1000 Cost Cut to S22 


“The process which Westinghouse had | 
using to produce the metal was the electrolysis 
of KUF. at a cost of about $1000 per Ib. Sin 
the KUF 


the action of sunlight this method constituted 


was produced photochemically under 


potential bottleneck in production. It was foun 


that uranium tetralluoride could be used instea 
of KUF., 
produced at the Harshaw Chemical Co. in Clev 


and steps were taken to have this sa 


land and at the du Pont plant in Penns Grov 
N. J. Production started in August 1942 and by 
October 1942 was up to 700 Ib. per day 
Harshaw and 300 Ib. per day at du Pont, th 
method of manufacture in both cases being th 
hvdrofluorination of Mallinekrodt-purified dioxid 
“As the result of this supply of raw mat 
rials to Westinghouse, and as a result of pliant 
expansion, deliveries had accumulated to a | 
of more than 6000 Ib. by November 142 
were expected to be at the rate of 500 Ib pel 
The purity of the metal was 


by January 1943. 
good, and the cost had dropped to $22 per Ib 

“Deliveries of acceptable metal from Meta 
Hydrides Co. were delayed for various reasons 
and were just beginning in November 1942. This 
company’s production was supposed to r 
1000 Ib. per week thereafter. 

“Neither the Westinghouse process not 
Metal Hydrides process was entirely satisfact 
Intensive activity designed to accelerate m 
production, and carried out independently 
F. H. Spedding and his associates at lowa 5 
College at Ames, Iowa, and by C. J. Rodd 
the National Bureau of Standards, resulted in 
development of a satisfactory method. Pi 
tion facilities were set up at Ames in the fa 
1942 and had already produced more than 
ton by the end of November. The process 
extremely simple, rapid and low cost. 
“Further research indicated addil 
changes that could be made to advantage, a: 
the middle of 1943 Spedding at lowa and 
producers who entered the picture were 
the final production method adopted 

“By the end of 1942 arrangements had 
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by the Manhattan District to increase metal 
making greater use of the Mal- 
Works, the Carbide 
arbon Corp., and the du Pont Co. 


ction by 
nit Chemical Union 
lo summarize, almost no metal was avail- 
1942, 


ed progress, as we shall see, but the produc- 


during most of a fact that seriously 
roblems had been nearly solved by the end 
12 and some six tons of metal were incor- 
The 


metal was 


d in the pile built in November 1942. 
problem ol 
over by the Manhattan District at the end 


procurement ol 
year, under the general direction of Col. 
Ruholl, formerly with the Mallinckrodt Chemical 
Works. 


al Project no further serious delays or diffi- 


From the point of view of the Metal- 
es have occurred because of metal shortages.” 


\loderator For a moderator, deuterium com- 


Vaterials bined with oxygen in the conveni- 
ent compound heavy water would 
choice. However, 


bably have been first 


though much progress had been made with 


ethods for separating the 0.02 of deuterium 
it of the natural mixture of hydrogen isotopes 
the surface waters of the earth, it had become 
ident that several years would be required to 
ake the quantities of heavy water needed for 
rge-scale production piles. Beryllium, less 
dyvantageous as a moderator, seemed almost as 
lifficult to get in the necessary quantity and 
rity. The choice was therefore narrowed down 
ihe element carbon. New methods for purify- 
o sraphite were developed which succeeded in 
lucing the neutron absorption some 20% below 
it of the standard commercial materials. An 
equate supply of this purified graphite was 
tained from the National Carbon Co. and the 
peer Carbon Co. 
mentioning here, 


It is worth 


‘ 
lal a small pile 


incidentally, 


(generating 300 kw.) using 
ivy water as the moderator was built in 1944 
experimental purposes. Heavy water turned 

» be even more advantageous than had been 
eseen. With the uranium slugs in place, the 
if-maintaining chain reaction started when only 
ree-fifths of the heavy water had been added, 
li it was necessary to take out some of the 
intum and add extra control rods before filling 


ink as planned. The critical size is much 


er than for a graphite pile. Some delayed 
ir reactions peculiar to deuterium cause 
avy-water pile to be rather slower in start- 
»and in stopping than a comparable graph- 


le. In general, however, the operation has 
iccording to expectation, and the pile has 


1 to be a useful laboratory tool. 


Cooling The question of cooling was a major 


one. The first pile, radiating only 


200 watts, had needed no auxiliary cooling sys 


tem, but it would obviously be necessary to run 


the production piles at a high power level if any 
reasonably small quantity of uranium was to be 
tied up in the process and any reasonably large 
quantity of plutonium per day was to be pro 
duced. Cooling with helium gas seemed at first 
to be the best choice, and a pilot plant to operate 
at 1000 kw. with forced air or gas cooling was 
designed and built, but before its construction 
was well begun the decision was made that wate! 
would be, for various reasons including avail 
ability, a more satisfactory coolant for the pro 
duction piles. There was no time to design and 
build a water-cooled pilot plant; all the problems 
incidental to water cooling had to be solved with 


out benefit of pilot plant experience 


Plumbing The heat would be liberated chiefly 
in the uranium slugs, and the wate 
would therefore have to be piped through the pile 
to the slugs. The pipes, in addition to meeting 
the usual requirements of being leak-proof, warp 
proof and corrosion-proof, would have to pass 
two tests never before applied to any plumbing 
material: They would have to be poor absorbers 
of neutrons, and they would have to hold together 
even though their nuclei were being continually 
in the pil 


seven 


lhattered by the radiations al large 
Graphite pipes were not practicable, 


lead, 


zine and tin 


other materials bismuth, beryllium, alu 


minum, magnesium, would be 
satisfactory in that they would not soak up so 
many neutrons as to stop the chain reaction, Ot 
these, beryllium tubing was not available, and 
of the other six metals, only aluminum seemed 


were serious doubts even about aluminum piping 


likely to be sufficiently corrosion resistant 


which were not dispelled until the plant had been 


in actual operation for some time. 


could nol be 
with the 


uranium slugs because of the danger of corroding 


Canning rhe cooling water 


flowed directly in contact 


the uranium and contaminating the water with 


dissolved radioactive fission products On the 


slugs 


other hand, any protective layer over the 
would have to be watertight, 
stable 


bombardment and radiation effects, and so thin 


corrosion proot, how 


in neutron absorption, against neutron 
and so close against the uranium that the heat 
transfer would be eflicient Since failure of the 
coating layer on any single slug might shut down 
the whole pile, it would be highly important | 


get a dependable coating 
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Electroplating, hot-dipping, cementation- 
coating, corrosion-resistant alloys of uranium, 
and mechanical jacketing were all tried experi- 
mentally. The final choice was a thin jacket or 
can of aluminum, bonded uniformly to the ura- 
nium for good heat conduction and sealed gas- 
tight. This “canning” problem, simple as it 
sounds, turned out to be one of the most difficult 
technical problems in the whole project. Smyth 
writes: “On periodic visits to Chicago the writer 
could roughly estimate the state of the canning 
problem by the atmosphere of gloom or joy to be 
found around the laboratory.” It was_ finally 
solved satisfactorily only after the first produc- 
tion pile had begun operation. 


Loading and To tear the piles down period- 
Unloading ically to remove the processed 
uranium slugs would be unthink- 
ably inconvenient. The piles would have to be 
constructed so that the fresh slugs could be 
pushed into the graphite matrix and the processed 
slugs could be pushed out. A set of long parallel 
channels through the pile, with slugs pushed in 
at one end and pushed out at the other, was 
obviously the answer to this requirement, but the 
optimum size and spacing for such a parallel 
array could be determined only by a major recal- 
culation of the theory of graphite lattices. 


Rate of How long should each slug be left 
Processing in the pile? The plutonium con- 


centration would build up fairly 
rapidly soon after the start (the intermediate 
steps between absorption of a neutron by U-238 
and the final transformation into Pu-239 were 
known to occur in a short time), and then less 
rapidly as the U-235 nuclei were used up and 
the various fission-product nuclei also increas- 
ing in concentration— absorbed a larger and 
larger fraction of the free neutrons. 

The plutonium itself would be subject to 
fission in the pile, like U-235, and if allowed to 
build up to a high concentration might be lost by 
fission at a rate comparable with its rate of pro- 
duction from U-238. On the other hand, the 
chemical separation of the plutonium from the 
processed slugs would obviously be simpler for 
high concentrations than for low. Moreover, it 
would be desirable to use up a good share of the 
starting materials, namely, the fissionable U-235 
and the convertible U-238, in each slug. These 
considerations and many others would have to 
be carefully weighed in deciding on the optimum 
rate of uranium flow through the factory. 

Should it be one big pile or many little piles? 
A single big pile would be most economical of 


material and most efficient in terms of plu 
production per kilowatt-hour of fission « 
Small piles, on the other hand, offered 
counter-attractions: The first one could b 
more quickly than a single large pile, an 

it much could be learned to guide in the cor 

tion and operation of the later units; mor 

the obvious dangers associated with havi 
the eggs in one basket would be avoided 
balancing such factors against one another, 
certain optimum size of pile, and a corresponding 
number of piles to give the total production rat 
required, could be arrived at. 


Extraction Extraction of the plutoniun 
of Plutonium from the processed slugs, con- 
, taining a comparable quantity 
of some 20 different fission-product elements an 
many times as much uranium, would be no eas) 
job for the chemical engineers. A process ha 
been developed, involving alternate oxidations 
and reductions of the plutonium and alterna! 
precipitations and dissolutions, which could | 
repeated over and over until the plutoniu: 
emerged with the required purity, leaving th 
uranium and the fission products behind. Hovw- 
ever, the chemistry of this process was based o1 
experiments with only about 0.00002 oz, (20 mil- 
lionths of an ounce) of plutonium, and there wa: 
no assurance that it would work satisfactorily « 
a scale using pounds of plutonium and fissior 
products and tons of unconverted uranium. | 
was an open question, for example, how th 
chemical reactions might be affected by the radi 
tions seething about in the separation tanks 
Fortunately, the air-cooled 1000-kw. pil 
plant was in operation, yielding processed slugs 
at such a rate that the proposed separation met! 
ods could be given a pilot-plant trial, before t! 
production piles had begun to function.  T! 
method worked! The efficiency of recovery 
plutonium in the pilot-plant test was 50% at t 


tf 


very start and was soon pushed up, by a 


changes in the process, to between 80 and 90 


Safety The piles themselves and most of t! 
gis chemical separation plants 
have to be placed within thick shields for prot 
tion of personnel against the escaped ne 
and the radiations emitted by the unstable ! 
product nuclei. All the business of loadi 
slugs into the piles and unloading them, 
ting the processed slugs into solution and } 
the solutions or slurries along from each 
of the separation process to the next, of k 
the piles running at a fixed power level, of 
toring the operation of each stage in the ch 
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ition all these and more would have to 
1e by remote control from outside the heavy 
shielling. The highly radioactive fission prod- 
wets left behind in the separation would have to 
be stored until they had changed into stable 
toms that could be safely dumped. Some of the 
radioactive fission products would be inert gases 
und these would have to be so widely dispersed 
n the atmosphere that the radiations from them 
ould not possibly be a menace to persons. Even 
with these precautions it would still be necessary 

keep close watch over the physical condition 
f every employee and be constantly alert for 
signs of some unforeseen hazard to health. The 
biological effects of neutrons and the various 
radiations were not yet fully understood, and 


pe a 


such powerful sources of them as were contem- 
plated were far beyond the range of experience. 

There could be no maintenance work done 
n the piles or in any but the last stages of the 
separation plant. Every item placed behind the 
shields neutron detectors, power level controls, 
plumbing, pumps, structural elements, and the 
like would have to stand up in spite of the 
lux of neutrons and radiation through it. Once 
the pile had started, no item could be replaced 
without shutting down the plant and waiting a 
long time for the radiations from it to die down 
to a tolerable level. 

There would have to be adequate provision 
igainst a runaway reaction within the piles. For 
ne small example, interlocks between the supply 
f cooling water and the control rods would be 
necessary, together with a stand-by power source 

work the controls if the normal power supply 
should fail. 

These problems are mentioned to suggest 
how manifold an affair the design of a full-size 
plutonium factory would be. The magnitude of 
each problem would be larger, of course, the 
arger the plant that was planned. As to this, 
smyth says (Chapter VII): “The first decision 
‘0 be made was on the scale of production that 
should be attempted. For reasons of security 
the figure decided upon may not be disclosed 
here. It was very large.” 

“The Finished Nevertheless, the thing was 
Product Is 
Being Delivered” 


done. An isolated site, con- 
venient to a large supply of 
pure cold water, was selected 
n the center of the State of Washington, near 
illages of Hanford and Richland on the west 

of the Columbia River. Ground was broken 
construction camp in April 1943, and this 

» grew to a city of 60,000 people at the peak 


nstruction activity. Five main piles with 


separation were originally 
scheduled. Three have been constructed. The 
first pile began operating in September 1944. 
Smyth sums up the story from that point on in 
the following words: 

“In the course of the fall of 1944 and the 
early months of 1945 the second and third Han- 
ford piles were finished and put into operation, 
as were the additional chemical separation plants 
There were, of course, some difficulties; however, 


associated plants 


none of the fears expressed as to canning failure, 
film formation in the water tubes, or radiation 
effects in the chemical processes, have turned out 
to be justified. As of early summer 1945 the 
piles are operating at designed power, producing 
plutonium, and heating the Columbia River. The 
chemical plants are separating the plutonium 
from the uranium and from the fission products 
with better efficiency than had been anticipated. 
The finished product is being delivered.” 


Isotope Separation; 
The Electromagnetic Method 


In the two preceding sections of this account 
the development of one of the two materials now 
known to be suitable for a fast-neutron-fission 
atomic bomb, the new element plutonium, has 
been traced from the first surmise of its possible 
existence down to a logical climax, the delivery 
of the finished product. 

Meanwhile the other material now known to 
be suitable for a fast-neutron-fission atomic 
bomb, the light-weight isotope of the element 
uranium, had not been neglected by the investi- 
gators. Even before the possibility of making 
and using plutonium had been clearly grasped, 
the way to make an atomic bomb with U-235 
seemed fairly straight-forward. No nuclear 
chemistry factory was needed to supply the mate- 
rial. It existed already in nature. All that was 
necessary was to strain it out, somehow, from 
which it naturally 


the mixture of isotopes in 


occurs. To separate U-235 from its chemical 


twin U-238, in sufficient quantity and with sufli- 


cient purity for atomic bombs, was the central 


problem in this phase of the project. 

Between 1940 and 1945 every proposed means 
for separating these two isotopes was studied 
Two different methods were devel- 
Sev- 


vigorously. 
oped to the necessary scale of production. 
eral others were taken far along toward success 
and were then abandoned chiefly because of the 
need for concentrating resources and effort on 


One of these two 


the two chosen processes, 
processes, known as electromagnetic separation, 


will now be described 
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Vass Earlier in this article was given a 
Spectro- 
graphs of the different nuclei in a mixture 
First (to 


repeat the description) the atoms with neutral 


brief description of how the masses 
of isotopes are measured. 


electrical charges are changed into positively- 
charged ions by stripping off one orbital electron 
from each atom; fast free electrons are used for 
this job. The ionized atoms are then sent, in a 
high vacuum, through a combination of electric 
and magnetic fields so chosen that the path each 
ion takes is determined by its mass. (The mass 
of an atom is, practically, the mass of its nucleus, 
since the orbital electrons weigh so little in com- 
parison.) By measuring the path, which is usu- 
ally done by locating where it hits a photographic 
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Uniform Magnetic Field 
ig. 8 Scheme of an Electromagnetic Meth- 
od for Separating €-235 From l -238. The 
principles of its operation are described in the 
text. (Sketch adapted from the Smyth Report 


plate or some other detecting device, the mass 
can be determined. All such instruments are 
known as “mass spectrographs”. 

The possible importance of mass spectro 
graphs for the atomic bomb project is obvious: 
If ions having different masses take different 
paths and arrive at different locations, all that is 
needed to separate the uranium isotopes is to 
change the uranium atoms into ions, send the 
ions along their several paths, and have some 
cans wailing to catch them when they arrive. 

This very thing was done in two different 
laboratories in 1940 for the two important isolopes 
of uranium. The experiments which proved that 
the lighter and less abundant nucleus, ,.U2"°, is 
the one that is strongly susceptible to neutron 
fission, were made in that year on microscopic 
samples separated in mass spectrographs. 

Many different combinations of electric and 
magnetic fields are suitable for the separation, 


and have actually been employed in mass 
One arrangement, in use since 
is shown schematically in Fig. 8. The ele 
field is between the two slits S, and S..  lons 


trographs., 


the source in passing through this field are 
erated and emerge from the slit S. with 
kinetic energy, practically the same for eve 
For the same kinetic energy, a light ion ha 
Beyond S. the 


enter a uniform magnetic field perpendicul 


momentum than a heavy ion. 


the plane of the paper and move in semi-ciré 
paths with radii proportional to their moments 
The lighter ions move on smaller semi-cir 
and can be collected separately from the he 


ions if a receptacle for them is placed as sh 


The Vethod In 1940 il seemed that this 
Looks method of 
npromising 


isotope separal 
though useful for experime: 
purposes, probably could nev 
produce al anywhere near the rate needed f 
bomb production. In all the long scientific expe! 
ence with mass spectrographs the ion currents 
dealt with had always been exceedingly tiny 
There were three main difficulties: (a) U 
hard to 
plentifully at the source; (6 


produce gaseous ions. efficiently 

of the ions produc 
only a small fraction those that started out 
the direction of the defining slits could = b 
used; (c/) the ions in traveling around the sem 
circular paths in vacuum would repel one anothe! 
and if too many tons were in the space at on 
this mutual repulsion would distort the sem 
circles so much that the streams of light and 
heavy ions would no longer take distinct paths 

How seriously these factors actually lim 
the yield can be seen from a numerical examp 
One of the two mass spectrographs used in 140 
to separate U-235 from U-238 for experime 
purposes, if it had been run continuously at 
maximum output, would have taken more tl 
four million years to separate the two pounds 
U-235 that had been estimated as the minin 
requirement for a single U-235 bomb. 

In view of these diflicutties, which se¢ 
insuperable, the mass-spectrograph or ele« 
magnetic method of separation was set aside 
the early efforts were focused on other | 
| 


promising means of separation, which wi 


described hereafter in this summary. 


The Question In late 1941, however, the ¢« 


Is Re-opened tion was re-opened. L. 

samples of U-235 were urg 
needed for experiments in every phase of 
bomb project and the electromagnetie m« 


was still the only means at hand for separ 
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les with any high degree of purity. An effort 
vas therefore made to see what could be done 





bout increasing the yield of this equipment. 





rhis effort was surprisingly successful. The 





early tests indicated that item (c) of the 





three limitations to large yield the so-called 
‘space charge difficulty” 
weely overcome by making proper use of the 





could perhaps be 






ns produced in the residual gas in the magnetic 





field when it is traversed by the main ion streams. 





fhis possibility of separating thick ion streams, 





f they could be started into the magnetic field, 





called forth efforts to improve the efficiency of 





the ion source and the efficiency of utilization of 
These efforts, 





the ions produced in the source. 





were successful beyond all expectation. 





Within a few months it was evident that 
the electromagnetic method, far from being use- 






merely as a tool to provide tiny samples of 





U-255 for experiments, might be capable of devel- 





pment as a large-scale separator of U-235, in 





quantities and with purities sufficient for bombs. 





The other methods of separation that were 





then in development were all, as will be seen, 





ulli-stage methods requiring vast plants to be 





built and vast quantities of unseparated material 





lo be put into process before the first trickle of 
Whichever one 





purified U-235 would appear. 





f them was chosen for final exploitation would 





have to be carried along through all the stages 





f design, procurement, testing, and complete 





mstruction before it could begin to pay off in 





the form of U-235 suitable for bombs. 





On the other hand, the electromagnetic 





nethod could be exploited by small units. The 





lirst unit could be put into operation compara- 





lively soon, and experience with it could be used 





n improving the design and operation of later 





nits. Some freezing of the design would be 





ecessary, of course, but the possibility of change 





emained if changes appeared to be profitable. 





Each unit would handle a small batch of material 





i time, so that the quantities of uranium then 
sight would be enough to start with. It might 
that the purity of the U-235 emerging afte 







he separation would not be sufficient for bomb 





purposes, but the purity could be increased if 





ecessary by running the light-nucleus fraction 






mn through the electromagnetic separator a second 
tin At the worst only a few such separations 





vould be needed, in contrast to the many stages 





led in any of the other processes then under 





development. In short, the electromagnetic 





hod offered many advantages as to adaptabil- 





‘vy and immediate usefulness. The important 





thing was to get the yield up by improving the 






ion source, learning how to use a large fraction 
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of the ions produced, pushing to the limit the 
strength of the ion beams sent around in the 
magnetic fields without spoiling the separation, 
and devising methods of filling up the space in 
the magnetic field as fully as possible with beams. 


Increasing Work in these directions went on 


the Yield 


vigorously during 1942, much of 

it at the University of California, 
where the discoveries that first opened up the 
new prospect for electromagnetic separation had 
been made and where a giant magnet intended 
for a new cyclotron was available for full-scale 
experiments. 

Smyth reviews the outlook in the fall of 1942 
as follows: 

“In September 1942, both the Lascous dil 
fusion and the centrifugal methods of uranium 
isotope separation had been under intensive study 

and for a longer period than in the case of the 
Both ol these methods 
looked 
235, bul 


electromagnetic method, 

gaseous diffusion and centrifuge 
feasible for large-scale production of | 
both would require hundreds of stages to achieve 
Neither had actually pro 
duced any appreciable amounts of separated 
U-235. No large-scale 


duction was under way, and the self-sustaining 


large-scale separation, 
plant for plutonium pro 


chain reaction which was to produce plutonium 
had not vet been proved attainable, But in the 
case of the electromagnetic method, after the 
successful separation of milligram amounts, there 
was no question as to the scientific feasibility 
If one unit could separate 10 mg. a day, 
100,000,000 units could separate one ton a day 
The questions were of cost and time. Each unit 
was to be a complicated electromagnetic device 
requiring high vacuum, high vollages, and intense 
magnetic fields, and a great deal of research and 
development work would be required before com 
plete, large-scale units could be constructed 
Many skilled operators would probably be needed 
Altogether, at that time it looked very expensive, 
but it also looked certain and relatively quick 
Moreover, the smallness of the units had_ the 
advantage that development could continue, modi 
fications could be made in the course of construc 
tion (or, within limits, after construction) and 
capacity could always be expanded by building 
new units.” 


{ Plant \ decision was therefore made to 


Is Built exploit the electromagnetic method 
on a large scale, continuing mean 
while with the development of the other methods 


that had been under study for a longer time and 


that were believed certain to succeed in due 








course. Of the several possible designs of electro- 
magnetic separator, the one that looked most 
promising was chosen for the production plant 
and all the effort was thrown into improving this 
design, the others being virtually abandoned. 

The separator unit (called a “calutron’’) 
it emerged was not unlike the sketch of Fig. 
above. The ion source used was a stream of 
electrons shooting through the vapor of a suitable 
uranium compound. The ions, after acceleration 
to high speeds, took semi-circular paths through 
the magnetic field and were collected in receivers. 
The chemistry of removing the deposits and 
extracting the U-235 (always diluted by stray 
atoms of U-238) was worked out, as were the 
various problems involved in getting a suitable 
uranium compound for use in the ion source. 

Construction of the first series of electro- 
magnetic units began in March of 1943. The site 
is in the Tennessee Valley, west of Knoxville, in 
an area that had already been chosen, because of 
its isolation and its proximity to a large supply 
of electric power, for some of the other isotope- 
separation ventures then under construction. 
This part of the plant was ready for operation in 
November 1943. 
tinued, and its yield of 
improved in quantity and in purity. 

The climax of the matter is stated in the 
Smyth Report as follows: “The electromagnetic 
separation plant was in large-scale operation dur- 
ing the winter of 1944-1945, and produced U-235 
of sufficient purity for use in atomic bombs.” 


Research on the process con- 
U-235 was constantly 


Isotope Separation; 
The Gaseous Diffusion Method 


Another method of isotope separation that 
was developed into a large-scale plant is_ the 
method of gaseous diffusion. The principles were 
known in 1940. It had been used, some years 
before, for separating small quantities of the two 
isotopes of neon, ;>Ne*° and ,)Ne**. 

In the plutonium project every major step, 
as has been seen, was beset with major uncer- 
tainties first, as to the possible existence of 
plutonium, then as to its nuclear and chemical 
properties, next as to the feasibility of getting a 
chain reaction in natural uranium, and finally as 
to whether this reaction could be exploited to 
produce plutonium in interesting quantities. The 
electromagnetic method, first rejected as a pos- 
sible means of separating U-235 and later, in 
consequence of some discoveries not generally 
foreseen, rescued from the discard and rapidly 
developed into the first large-scale producer, also 


had a dramatic career. With the gaseous diffu- 


sion method, contrastingly, the whole cou 
the undertaking could be forecast in some 
even in 1940. 

There would be many hard 
course, and some of these might turn out 


problen 
insoluble. But the general design of a g 
diffusion separation plant could be sketch: 
advance, and data were at hand for estim: 
what size of plant would be needed to yield suffi- 
ciently pure U-235 at a rate large enough to }y 
of interest for the bomb project. It was the 
magnitude of the required plant, rather than th 
difficult details of its construction and operation, 
that strained the imagination. 


To understand why the method 


Principles 


of the \ lethod 


would call for a mammoth 

plant it is necessary to 
briefly into the principles of isotope separati 
by gaseous diffusion. 

It will be convenient to talk about some gas 
that might be used in the actual process — that 
is, some gaseous compound of uranium. Ura- 
nium hexafluoride, UF,, would be a_ possibility 
Since fluorine, as has been mentioned, has only 
one isotope ,F!*, any ordinary sample of uranium 
hexafluoride gas is composed almost entirely of 
molecules of only two different masses, depending 
on whether the uranium atom in the molecule is 
U-235 or U-238. The light molecules are made up 
of one atom of U-235 and six fluorine atoms, 
with a total mass of 235 + (6 X 19) = 349 units 
there are 140 times as 
U-238 and _ therefore 
If these two 


The heavy molecules 
many of them contain 
have a total mass of 352 units each. 
kinds of molecules can be sorted out from each 
other the separation of the two uranium isotopes 
is achieved, for it is an easy matter to extract the 
92U2%5 from the gaseous compound and reduce it 
to metallic form, once the ,oU2°F, has been sepa- 
rated from its chemical twin ,.U**5F,. 

The diffusion method utilizes the fact thal 
the two molecules, having different masses, must 
have different average speeds at the same tem- 
perature. The difference in average speed 1s 
small, for the difference in mass is small; the 
light molecules on the average move only 0.046 
faster than the heavy molecules. Moreover, t! 
speeds of the individual molecules at any 
instant vary widely, and the speed of any 
molecule varies widely from instant to ins! 
A census of the molecular speeds at any ins 
would show that more than 49° of the 
molecules are actually going faster than 50 
the heavy molecules! Nevertheless, a small 
ference in average speed is there, and 
patience it can be used. 
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suppose that some ordinary uranium hexa- cules than the gas that started out in the first 







































































































































tai juor ide gas is let loose in one side of an evacuated stage. To throw it away would be over-hasty 
pox divided into two halves by a partition or somewhere back down the line of stages is a 
ol barrier containing many tiny holes through which stage that is being fed with a gas which matches 
be the sas can seep slowly. The lighter molecules, this discard gas in concentration, and it is obvi- 
ous because of their higher average speed, will diffuse ously sensible to return this discard to that lower 
; im through the barrier a little more quickly, on the stage and mix it in with the feed gas there. Thus 
Ing werage, than the heavy molecules, and the first every molecule will have repeated chances at a 
fli- gas to arrive on the other side will be slightly given barrier, and many of the light ones that do 
be enriched in the light molecules; actually, they not get through at first will later do so. 
the vill be some 0.043% more abundant in this first Even the discard from the first stage will 
the liffusate than in the original hexafluoride on the contain a sizable fraction of the light molecules 
On, ther side of the barrier. in the original material, a fraction practically as 
{s the diffusion proceeds the difference in large as the fraction of the total gas that is left 
composition of the gas on the two sides gradually behind in this stage. These light molecules are 
hod becomes less, and if the diffusion is continued too precious to throw away, and many of them 
10th intil the pressure on the two sides of the barrier can be saved by having some stripping stages 
00k s equalized, the difference in composition disap- down below the original feed level, similar to the 
tion ears altogether. But the first diffusate can be enriching stages above the feed level. 
removed before so many of the heavy molecules Optimum conditions for such a cascade proc- 
Bas eft on the other side of the barrier have had time ess can be worked out theoretically. It turns out 
that to seep through and dilute it down to the normal to be best to let each stage transmit just half the 
‘Ta- meentration. This slightly-enriched gas can material that is fed into it, and to return the dis- 
lity. then be used as the starting mate- card of each stage to the feed 
nly al for a second barrier-diffusion —— Product of the next-lower stage. The 
um separation which will yield a ‘ sort of separation plant sug- 
ol lifusate even richer in light iT | gested by these considerations 
ling molecules, is shown schematically in Fig. 
e IS By continuing this process 9%, with the successive stages 
up through a sufficient number of indicated by boxes, the bar- 
ms, stages, always promptly remov- {| rt —} riers by dotted lines, and the 
its ng the first gas to get through t+ pumps, needed for recompress- 
as each barrier and placing it in the —— ing the gas leaving each side 
ore entrance half of the next barrier (| + of each stage, by arrows. 
WO box, the concentration of light 1 Enriching A little reflection shows 
ich molecules can be gradually built _ { Stages that the quantity of material 
pes ip until finally so few heavy one = T to be handled in the upper 
the molecules are present that the ( _— OWING stages is much less than in the 
' of3ge8 5 
it gas is fit to be processed into Pump 7 lower stages, because only 
pa- U-235 pure enough for atomic ; ' H about one molecule in 140 of 
bombs. The transfer of the gas 4 ee + Pump the original gas is expected to 
hat rom one stage to the next can, -. * arrive at the top of the cas 
ust ' course, be done continuously, Pump Lean | Enriched cade. If the same _ pressure 
m- vith pumps. . Gas t- Gas atmospheric, say) is to be 
. ' maintained on the entrance 
‘he Refluxing One important — — side of each barrier, the upper! 
and question arises: 4 U Hi T stages can be correspondingly 
he ‘ripping What shall be 1, ; smaller than the lower stages. 
- done with the gas | “Barner This fact also is indicated 
ne eft behind in each stage? At any 1 schematically in the figure. 
nt ‘tage after the first few stages | The number of enriching 
ut the gas that is left behind the a... af . stages necessary to reach the 
‘ht barrier, though a little poorer in L - required degree of purity in 
f —> LiSCHO : . 
M ght molecules than the gas that the final output of ..U2F, can 
I~ has gone through the barrier and Fig. 9 — Scheme of a Plant for also be worked out, as can the 
th will proceed to the next stage, is Separating Isotopes by Gaseous Dif- number of stripping stages 
nsiderably richer in light mole- fusion, as Explained in the Text necessary to wring the original 
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hexafluoride so dry of bomb material that what 
is left can economically be discarded. These cal 
culations show that thousands of enriching stages 
and hundreds of stripping stages are needed. The 
number of pumps, correspondingly, is many 
thousands. 

The size of the successive stages, to attain a 
given production rate, can also be calculated. 
For a plant to supply the needs of the atomic 
bomb project, many acres of barrier area are 
required. 

These estimates give an idea of the overall 


size of the undertaking. What about some of the 


technical problems? 

The choice of a process gas is important. 
Uranium hexafluoride has been mentioned as a 
possibility and has been used for illustrative pur- 
poses in the foregoing discussion. Practically, 
however, it has several unfavorable features: It 
is a solid at room temperature and ordinary pres- 
sure, it is highly corrosive, and it is not too easy 
to make and handle. Perhaps some other com- 
pound of uranium more suitable for the purposes 
could be found. 

Very extensive work was done to answer this 
question, always on almost infinitesimal quan- 
lities of precious metal. 

The entire enormous circulating system 
would have to be sealed up vacuum-tight to avoid 
loss of material by outward leaks or contamina- 
tion with air by inward leaks. Only three holes, 
for feeding the raw material in and letting out 
the enriched product and the impoverished waste, 
were needed or could be tolerated. 

The pumps would have to run in vacuum, 
driven through vacuum-ltight seals. They would 
have to stand any possible corrosive action of the 
chosen process gas. Pumps of various sizes 
would be needed, to fit the changing sizes of the 
successive stages. Power to run thousands of 
pumps, even after they had been designed and 
built, would be no inconsiderable item. 

The gas in being compressed by the pumps 
would be heated, and a large cooling system 
would therefore be necessary to keep the system 
al optimum temperature. 

After the plant had started up it would be 
necessary to let it run for a time, until the flow 
conditions in each stage had settled down some- 
where near a steady state, before one could begin 
to draw the light fraction off the top and discard 
the heavy fraction from the bottom. A consider- 
able quantity of gas would be held in the plant 
at all times, undergoing separation. The time to 
get started would be long enough and the quantity 
of material required to fill the system would be 


large enough to constitute significant problems. 


The form of the diffusion stages w! 
the barrier should be in tubes or sheets, in 
units or small would have to be decided 
The The central problem, of ¢ 
would have to do with the b 
Its holes, it is unders 


Barrier 
Problem material. 
do not act by being just big e1 
for the light molecules to squeeze through 
not big enough for the heavy molecules (in 
there is no difference in size between the 
and heavy molecules Rather, the holes are 

ridors down which the light and heavy mole 
diffuse, with the light molecules slightly out 
ning the heavy by reason of their slightly gr 
average speed. The holes need be only so si 
that the molecules strike the walls much n 
often than they strike one another. This is, h 
ever, a stringent requirement, for the holes 

to be about 0.0000004 in. (four ten-millionths 
an inch) in diameter or smaller. If the bar: 

contains many holes much larger than this, t 
bypass flow through these large openings spoi 
the separation. 

As for the number of holes in a given ar 
it should be large in order to give a high process 
ing rate. The Smyth Report mentions “a barrik 
made by etching a thin sheet of silver-zine 
with hydrochloric acid” as an example of the s 
of thing that might be considered. 

The holes in the barrier must not enlarge bi 
corrosion and must not plug up. The barri 
must withstand a pressure-head of one atmos 
phere. Many acres of barrier are needed, 
the chosen material must therefore lend itsell 
manufacture on a large scale. 

It is a remarkable thing, in view of 
difficult specifications, that a number of p 
ticable barriers were actually found. Even wl! 
the plant was being built, and after barrier m 
rials were available that would certainly suflh 
improved barriers to increase the process 
and the efliciency were still being developed 


could be incorporated in the construction. 


Successful We pass, as usual, from a re\ 


Operation of the salient problems to a su 


statement that the thing was d 


The site selected for the gaseous dillt 


plant was the region in the Tennessee \ 


already mentioned as the site of the electr 
netic separation plant. The original inte! 
by the way, had been to set up all the produ 
units for the bomb project in this area, bu 
various reasons the plutonium production 
instead at Hanford, on 


had been placed 


Columbia River. 
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smyth says (Chapter X): “Construction of 
he steam power plant for the diffusion plant 
on June 1, 1943. 
plants ever built. 
i buildings and plants started between 
jugust 29, 1943 and September 10, 1943. 
‘Unlike Hanford, the diffusion plant con- 
sists of SO many more-or-less independent units 


It is one of the largest 
Construction of other 


hat it was put into operation section by section, 
s permitted by progress in constructing and 
sting. Thus there was no dramatic start-up 
late nor any untoward incident to mark it. The 
lant was in successful operation before the sum- 
of 1945. 
“For the men working on gaseous diffusion 
is along pull from 1940 to 1945, not lightened 
by such exciting half-way marks as the first 
hain-reacting pile at Chicago. Perhaps more 
han any other group in the project, those who 
ive worked on gaseous diffusion deserve credit 
courage and persistence as well as scientific 
ul technical ability. For security reasons, we 
ive not been able to tell how they solved their 
roblems even in many cases found several 


lutions, as insurance against failure in the 
int. It has been a notable achievement. In 
these five years there have been periods of dis- 
uragement and pessimism. They are largely 
rgotten now that the plant is not only operating 
operating consistently, reliably, and with a 


erformance better than had been anticipated.” 


[sotope Separation: 


Thermal Diffusion and Centrifuges 


lwo other methods of isolope separation 
hat were carried well along the road toward full- 
‘scale. production of U-235 for bombs will be 
ielly mentioned. One was the thermal diffusion 
ethod; the other was the centrifuge method. 


lhermal The first application of thermal 


Diffusion diffusion to the separation of iso- 
topes was made in 1938, about a 
before the discovery of uranium fission. The 
pparatus was simple, consisting of a hot wire 
ning down the center of a long vertical tube. 
Che operation was easy, for the element to be 
separated, in gaseous form, was fed in near the 
liddle of the tube and the two isotopes were 
out at the two ends of the tube. On the 
ther hand, the actions that automatically 
sulted in separation were far from simple, and 
ot be explained in any detail here. 
Its general principle rests in the fact that, 
e temperature gradient between the hot wire 


the cool tube, there is a small concentration 
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gradient of the two isotopes, with the light one 


let us say) being slightly more abundant in the 
hot gas near the central wire. Moreover, as the 
hot gas near the wire moves upward by convec 
tion it continually comes alongside a gas in the 
surrounding downward cool current which = is 
less rich in the heavy isotope than is called for 
by the temperature gradient, and to which it can 
lose more of its heavy component. The upward 
al the lop ol the 


tube nearly free of the heavy tsotope, and the 


flowing gas therefore arrives 


downward-flowing gas arrives at the bottom 
nearly free of the light isotope, The countet 
current flow, in this method, serves the same 
purpose as the refluxing scheme employed in the 
method of gaseous diffusion 
Discovery and successful use (in Germany, 
by the way) -of this simple means of isotope 
separation made a considerable sensation at the 
time, and it was still fresh in the minds of 
physicists when the problem of separating U-235 
from U-238 came to the fore 
Unfortunately, so simple an arrangement 


Whether it is 


actually the light or the heavy isotope that pre 


would not serve for uranium. 


fers the warmer region, and whether the separa 
tion effect is or is not large enough to be useful, 
both depend in a complicated way on the nature 
of the gas being processed, and no suitable 
gaseous compound of uranium was found. How 
ever, it is possible to use the same principles with 
a liquid instead of a gas, and the thermal dilTu 
sion process that was finally developed employed 
a certain liquid compound of uranium 

To maintain the temperature gradient 
between the two sides of the apparatus (the hot 
wire and the cool tube, in the case described 
require an adequate supply of energy in the form 
ol heat. 


that kept the thermal diffusion method out of the 


It was primarily this need for powet 


running for a complete separation of U-235., 


Centrifuges The centrifuge method is one 

that at first glance looks most 
attractive. After all, it is reasonable to ask, if 
cream is easily separated from milk in a cen 
trifugal separator, why is it not easy to centrifuge 
the heavy molecules out of some liquid or gaseous 
uranium compound and drain off the light mol 
cules at the center? 

The cases are not entirely the same, howeve! 
Cream collects at the top of a bottle in a few 
hours, but the deuterium-containing heavy wate 
in the bottle does not settle out on the bottom in 
any length of time. The difference arises from 
the difference in mass of the two kinds of individ 


ual particles, 












Each cream globule is so large that the net 
forces it experiences from the impacts of sur- 
rounding molecules, which tend to keep the bits 


Atomic Bombs 


As the various enterprises for producing 


of cream dispersed uniformly throughout the plutonium and separating U-235 came in sight of 
milk, are negligible in comparison with the gravi- success, the final question as to how these mate- 


tational differential that tends steadily to float it 
to the top of the bottle. 
cule of heavy water is so small that the dispersing 


In contrast, each mole- 


effect of molecular impacts outweighs by far the 
collecting effect of gravitation. 

To get any significant concentration of iso- 
topes in a gravitational or centrifugal field, the 
field of force must be extremely large. For a 
centrifuge, this means extremely high speeds. At 
the highest speeds attainable the concentration 
difference between edge and axis is still small, 
so that many stages, with a complicated network 
for transfer and reflux of material, are needed if 
a fairly pure product is the goal. 

In spite of these difficulties, centrifugal sepa- 
ration was for a long time considered seriously 
as an alternative to gaseous diffusion as the pre- 
ferred method for separating U-235 from U-238. 
The scale of the plant would be tremendous 
an early estimate called for some 22,000 sepa- 
rately driven centrifuges each 3 ft. long — but 
the gaseous diffusion method, as we have seen, 
would be no small venture in itself. Ingenious 
schemes for increasing the efficiency by using 
counter-current flow within each centrifuge were 
devised; the technical problems involved in spin- 
ning the centrifuges were attacked and solved. 
Before this method was finally abandoned in favor 
of the other, it had been brought to the stage of 
pilot-plant operation and had given the expected 
yield and the expected separation. 


Fig. 10 — Six-Mile View of Colored Clouds Shooting 
up From First Atomic Explosion. (U.S. Army photo) 


Td 
- 


rials were to be used in an actual atomic bomb 
became urgent. In the spring of 1943 a special 
laboratory, more isolated and even more closely 
guarded than the other phases of the project, 
was set up to study the problem of bomb design 
Its site was the top of a mesa at Los Alamos, 
near Santa Fe, New Mexico. 
ing this laboratory at the start are reviewed in the 
Smyth Report (Chapter XII) as follows: 

“In Chapter II we stated the general condi- 


The questions fac- 


tions required to produce a self-sustaining chain 
reaction. It was pointed out that there are four 
processes competing for neutrons: 
“1. The capture of 
which results in fission. 
“2. Non-fission capture by uranium. 


neutrons by uranium 


“3. Non-fission capture by impurities. 

“4. Escape of neutrons from the system. 

“Therefore the condition for obtaining such 
a chain reaction is that process (1) shall produce 
as many neutrons as are consumed or lost in all 
four of the processes. It was pointed out that 
(2) may be reduced by removal of U-238 or by 
the use of a lattice and moderator; that (3) may 
be reduced by achieving a high degree of chem- 
ical purity; and that (4) may be reduced (rela- 
tively) by increasing the size of the system. In 
our earlier discussion of chain reactions it was 
always taken for granted that the chain-reacting 
system must not blow up. Now we want to con- 
sider how to make it blow up. 

“By definition, an explosion is a sudden and 
violent release (in a small region) of a large 
amount of energy. To produce an efficient explo- 
sion in an atomic bomb, the parts of the 
bomb must not become appreciably sepa- 
rated before a substantial fraction of the 
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available nuclear energy has been released 
(For expansion leads to increased escape 
of neutrons from the system and thus to 
premature termination of the chain reac- 
tion.) Stated differently, the efficiency o! 
the atomic bomb will depend on the ratio 
of (a) the speed with which neutrons 
generated by the first fissions get into 
other nuclei and produce further fission, 
and (b) the speed with which the bomb 
flies apart. Using known principles 0! 
energy generation, temperature and pres 
sure rise, and expansion of solids «nd 
vapors, it was possible to estimate the 
order of magnitude of the time interval 
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bet een the beginning and end of the nuclear 
cho n reaction. Almost all the technical difficul- 
ties of the project come from the extraordinary 
brevity of this time interval. 

“In earlier chapters we stated that no self- 
sustaining chain reaction could be produced in a 
block of pure uranium metal, no matter how 
large, because of parasitic capture of the neutrons 
by U-238. This conclusion has been borne out 
by various theoretical calculations and also by 
direct experiment. For purposes of producing : 
non-explosive pile, the trick of using a lattice and 
a moderator suffices — by reducing parasitic cap- 
ture sufficiently. For purposes of producing an 
explosive unit, however, it turns out that this 
process is unsatisfactory on two counts. First, 
the thermal neutrons take so long (so many 
micro-seconds) to act that only a feeble explosion 
would result. Second, a pile is ordinarily too big 
to be transported. It is therefore necessary to 
cut down parasitic capture by removing the 
greater part of the U-238 — or to use plutonium. 


Critical “The calculation of the critical size 
of a chain-reacting unit is a problem 
that has already been discussed in 
connection with piles. Although the 
calculation is simpler for a homogeneous metal 
unit than for a lattice, inaccuracies remained in 
the course of the early work, both because of lack 
of accurate knowledge of constants and because 
of mathematical difficulties. For example, the 
scattering, fission, and absorption of the nuclei 
all vary with neutron velocity. The details of 
such variation were not known experimentally 
and were difficult to take into account in making 
calculations. By the spring of 1943 several esti- 
mates of critical size had been made using vari- 
ous methods of calculation but the limits of 
error remained large. 

“In a uranium-graphite chain-reacting pile 
the critical size may be considerably reduced by 
Surrounding the pile with a layer of graphite, 
since such an envelope ‘reflects’ many neutrons 
back into the pile. A similar envelope can be 
used to reduce the critical size of the bomb, but 
here the envelope has an additional role; its very 
inertia delays the expansion of the reacting mate- 
rial. For this reason such an envelope is often 
called a ‘tamper’. Use of a tamper clearly makes 
for a longer lasting, more energetic, and more 
eflicient explosion. The most effective tamper is 
the one having the highest density; high tensile 
Strength turns out to be unimportant. It is a 
fortunate coincidence that materials of high den- 
Silty are also excellent as reflectors of neutrons. 
“As has already been remarked, the bomb 


Size and 
Reflector 
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tends to fly to bits as the reaction proceeds and 
this tends to stop the reaction. To calculate how 
much the bomb has to expand before the reaction 
stops is relatively simple. The calculation of 
how long this expansion takes and how far the 
reaction goes in that time is much more difficult. 

“While the effect of a tamper is to increase 
the efficiency both by reflecting neutrons and by 
delaying the expansion of the bomb, the effect on 
the efficiency is not as great as on the critical 
mass. The reason for this is that the process of 
reflection is relatively time-consuming and may 
not occur extensively before the reaction ends. 
Detonation “As stated in Chapter II, it is 
and Assembly impossible to prevent a chain 
; reaction from occurring when 
the size exceeds the critical size, for there are 
always enough neutrons (from cosmic rays, from 
spontaneous fission reactions, or from alpha- 
particle-induced reactions in impurities) to initi- 
ate the chain. Thus until detonation is desired, 
the bomb must consist of a number of separate 
pieces each one of which is below the critical size 
(either by reason of small size or unfavorable 
shape). To produce detonation the parts of the 
bomb must be brought together rapidly. In the 
course of this assembly process the chain reac- 
tion is likely to start 
of stray neutrons — before the bomb has reached 
its most compact (most reactive) form. There- 
upon the explosion tends to prevent the bomb 
from reaching that most compact form. Thus it 
may turn out that the explosion is so inefficient 
as to be relatively useless. The problem, there- 
fore, is two-fold: (a) To reduce the time of 
assembly to a minimum, and (b) to reduce the 
number of stray (pre-detonation) neutrons to a 


because of the presence 


minimum. 

“Some consideration was given to the danger 
of producing a ‘dud’ or a detonation so ineflicient 
that even the bomb itself would not be completely 
destroyed. This would, of course, be an unde- 
sirable outcome since it would present the enemy 
with a supply of highly valuable material. 


Effec- 


tiveness 


“In Chapters II and IV it was pointed 
out that the amount of energy released 
was not the sole criterion of the value 
of a bomb. There was no assurance that one 
uranium bomb releasing energy equal to the 
energy released by 20,000 tons of TNT would be 
as effective in producing military destruction as, 
say, 10,000 two-ton TNT bombs. In fact, there 
were good reasons to believe that the destructive 
effect per calorie released decreases as the total 


amount of energy released increases. 





















































“On the other hand, in atomic bombs the 
total amount of energy released per kilogram of 


fissionable material (i.e., the efficiency of energy 


release) increases with the size of the bomb. 


Thus the optimum size of the atomic bomb was 
not easily determined. A_ tactical aspect that 
complicates the matter further is the advantage 
of simultaneous destruction of a large area of 
enemy territory. In a complete appraisal of the 
effectiveness of an atomic bomb, attention must 


also be given to effects on morale. 


“Since estimates had been made 
the speed that would bring 


Vethods of 

{ssembly of 

. together 

U-235 rapidly enough to avoid pre-detonation, a 

good deal of thought had been given to practical 
methods of doing this. 

“The obvious method of very rapidly assem- 


subcritical masses ol 


bling an atomic bomb was to shoot one part as a 
projectile in a gun against a second part as a 
target. The projectile mass, projectile speed, and 
gun caliber required were not far from the range 
of standard ordnance practice, but novel prob- 
lems were introduced by the importance of 
achieving sudden and perfect contact between 
projectile and target, by the use of tampers, and 
by the requirement of portability. 

“None of these technical problems had been 
studied to any appreciable extent prior to the 
establishment of the Los Alamos laboratory. 

“It had also been realized that schemes prob- 
ably might be devised whereby neutron absorbers 
could be incorporated in the bomb in such a way 
that they would be rendered less effective by the 
initial stages of the chain reaction. Thus the 
tendency for the bomb to detonate prematurely 
and inefficiently would be minimized. Such 
devices for increasing the efficiency of the bomb 


are called auto-catalytie. 


“In April 1943 the available infor- 
mation of interest in connection 


Summary 


of Status 
with the design of atomic bombs 
was preliminary and inaccurate. Further and 
extensive theoretical work on critical size, efli- 
ciency, effect of tamper, method of detonation, 
and effectiveness was urgently needed. Measure- 
ments of the nuclear constants of U-235, pluto- 
nium, and tamper material had to be extended 
and improved. In the case of U-235 and pluto- 
nium, tentative measurements had to be made 
using only minute quantities until larger quanti- 
ties became available. Besides these problems in 
theoretical and experimental physics, there were 
a host of chemical, metallurgical, and technical 
problems that had hardly been touched. Exam- 


ples were the purification and_ fabricati 
U-235 and plutonium, and the fabrication 
tamper. Finally, there were problems of i 
taneous assembly of the bomb that were st: 


ing in their complexity.” 


ftomic Bombs ‘The deployment of the staif | 


HW ere Made 


investigate these problems 
and some of the methods th 

were used to attack them, are described in th 
Smyth Report. About the details of the solutions 
finally adopted the Report ts, 
Here, as in the other phases 


understandably 
rather reticent. 
the project, we can sum the matter up by saying 


that the job was done. Atomic bombs were mad 


The Weapon and the Future 


Concerning the implications of this ney 
weapon, Smyth makes the following remarks 
Chapter XIII: 

“The end of June 1945 finds us expecting 
from day to day to hear of the explosion of th 


All the prob 


lems are believed to have been solved at least we 


first atomic bomb devised by man. 


enough to make a bomb practicable Phe 
devastation from a single bomb is expected to b 
comparable to that of a major air raid by usua 
methods. 

“A weapon has been devised that is poten- 
tially destructive beyond the wildest nightmares 
of the imagination; a weapon so ideally suited t 
sudden unannounced attack that a country’s 
major cities might be destroyed overnight by ai 
ostensibly friendly power. This weapon has been 
created not by the devilish inspiration of some 
warped genius but by the arduous labor of thou- 
sands of normal men and women working ! 
the safety of their country 

“Before the surrender of Germany there was 
always a chance that German scientists and eng- 
neers might be developing atomic bombs which 
would be sufficiently effective to alter the cours 
of the war. There was therefore no choice bul 
work on them in this country. Initially ma 
scientists could and did hope that some princi 
would emerge which would prove that ato 
bombs are inherently impossible. This hope 
faded gradually 

“From the military point of view it is reas 
ably certain that there will be improvements | 
in the processes of producing fissionable mat 
and in its use. It is conceivable that totally 
ferent methods may be discovered for convel 
matter into energy, since it is to be rememb 
that the energy released in uranium fission 


responds to the utilization of only about 0.1 
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is yiass. Should a scheme be devised for con- 


verting to energy even as much as a few per cent 
matter of some common material, civiliza- 
vould have the means to commit suicide at 
wil ..We find ourselves with an explosive 


which is far from completely perfected. Yet the 
future possibilities of such explosives are appall- 

ind their effects on future wars and inter- 
national affairs are of fundamental importance. 
Here is a new tool for mankind, a tool of unimagi- 
nable destructive power. Its development raises 
many questions that must be answered in the 
near future. 

“Because of the restrictions of military secu- 
itv there has been no chance for the Congress 
r the people to debate such questions. They 
have been seriously considered by all concerned 
ind vigorously debated among the scientists, and 
the conclusions reached have been passed along 
to the highest authorities. These questions are 
not technical questions; they are political and 
social questions, and the answers given to them 
may affect all mankind for generations, 

“In thinking about them the men on the 
project have been thinking as citizens of the 
United States vitally interested in the welfare of 
the human race. It has been their duty and that 
| the responsible high government officials who 
were informed to look beyond the limits of the 
present war and its weapons to the ultimate 
implications of these discoveries. In a free coun- 
iry like ours, such questions should be debated 
by the people and decisions must be made by the 
people through their representatives. This is one 
eason for the release of this report. It is a semi- 
technical report which it is hoped men of science 
in this country can use to help their fellow 
cilizens in reaching wise decisions. The people 
of the country must be informed if they are to 
discharge their responsibilities wisely.” 


The Postwar Nucleus 


What about those power-marbles that are 
soing to be put in all future automobiles in place 
[the engines and gas tanks? What about those 
io-min. trips from New York to San Francisco in 
ilomic-powered stratosphere rockets?) What 
ibout that household unit to be built into the 
basement and thereafter forever do everything 
irom heating the home to making up the beds? 
What about the deserted coal mines and the stag- 
nant oil fields? 
the work described in the Smyth Report, 
led as it was toward the single goal of pro- 
‘ucing a destructive weapon, naturally did not 
telude any exploration of the possibilities of 


fission and fission power for peacetime uses. 
Nevertheless, much of the information uncovered 
in the work is pertinent to non-military uses, and 
the men engaged in the project could scarcely 
avoid giving some thought to these possibilities. 


Uranium As to the resources, Smyth quotes 


Resources some early rough estimates (which 
he allows are probably optimistic) 
that the nuclear energy available in known depos- 
its of uranium ore is adequate to supply the 
power needs of this country for 200 years, This 
figure assumes the U-238 as well as U-235 would 
be used, the U-238 first being converted into 
plutonium by capture of neutrons and the pluto 
nium then being fissioned to yield energy. 

Critical The size of any uranium power unit 


Size and would, of course, have to be at least 


k-nriched as great as the critical size for 
Piles maintaining the chain reaction. As 


we have seen, when natural ura- 
nium is used as a lattice of slugs in a matrix of 
moderator, the pile is a bulky affair. The critical 
size is reduced by using heavy water instead of 
graphite as the moderator, but the weight of a 
pile employing the natural mixture of uranium 
isotopes is still to be measured in tons, 

One promising possibility, where a smaller 
unit is necessary, would be to use enriched ura- 
nium, enriched either by removing part of the 
U-238 or by adding plutonium. Not only the 
bulk of metal, but also the bulk of moderator, 
would be less for an enriched pile. The atomic 
bomb itself is, of course, the extreme case of an 
enriched pile; it needs only a suitable control 
mechanism to keep the fast-neutron chain reac- 
tion ticking along at a constant rate instead of 
building up explosively. But however small the 
pile itself, the dangerous neutrons and radiations 
from it can be contained only by a shield of quite 
considerable bulk, and this is a troublesome item 


for any atomic-powered passenger vehicles, 


High Unless some tricky way appears for 
Tem- utilizing the energy more directly, il 


perature will have to be taken out of the fission 

unit in the form of heat and converted 
into mechanical energy by some kind of heat 
engine. It is a firmly established principle that 
the efficiency of a heat engine cannot be high 
unless the working substance enters the engine 
at a considerably higher temperature than il 
leaves. This evidently means that the pile would 
have to run at a high temperature, and it follows 
that some substance other than liquid wate 
would have to be used for carrying the heat out 
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of the pile and into the engine. Liquid bismuth 
has been suggested as a possible material for this 
purpose. 

Aside from the choice of a suitable coolant, 
many other difficult problems connected with 
high-temperature operation of the pile would 
inevitably arise. 

If any such power units are built, the metal- 
lurgist concerned with their design will certainly 
have to give attention, not only to the ordinary 
properties of the metals he plans to use, but also 
to two other properties not listed in the hand- 
books at present. First is the absorbing power 
of the nuclei for neutrons of various speeds, and 
second is the ability of the metal to stand up 
under bombardment of its nuclei by fast neu- 
trons. (The effects of this bombardment are not 
necessarily negligible; Smyth mentions that the 
electric resistance, the elasticity, and the heat 
conductivity of graphite all change with exposure 
to intense neutron radiation.) 

Overlooking the difficulties in the way of 
getting mechanical power out of the uranium 
fission reaction, and assuming that it can be 
done and that mechanical or electrical power will 
someday be free and plentiful as air is now, there 
is still the question whether it would make a 
startling difference to our daily lives. A little 
and the conclusion can be 
that most of the 


reflection suggests 
sustained by statistical studies 
tangible things we want are not denied us because 
the electric or steam power to make them is now 
too expensive. Raw materials, manufacturing 
plant, and distribution methods would remain 
costly, even if the power to turn the shafts 
were entirely free. 

Non- The chain reaction may be useful in 
Power 
Uses 


several ways apart from the produc- 
tion of power. The radioactive fission 
products of uranium, and the radio- 
active atoms formed by neutron bombardment of 
other substances placed in a reacting pile, are 
sure to be useful for many purposes in many 
fields. Some of them may find application in 
medicine 
treating certain ailments by radioactive materials 


just before the war the possibility of 


was being intensively studied. The radioactive 
materials for all such studies were formerly 
obtained expensively and in small quantities from 
such devices as the cyclotron. Now, many of 
them can be made simply by shoving a sample 
of material into a reacting pile and letting the 
free neutrons batter away at its nuclei for a while. 

Smyth, summing up the views of the men on 
the project as to the peacetime future of the 


uranium chain reaction, writes the following: 


Vetal | ’rogress 


“While there was general agreement that a 

great industry might arise, comparable, perhaps, 
with the electronics industry, there was disagree. 
ment as to how rapidly such an industry would 
grow; the consensus was that the growth would 
be slow over a period of many years. At least 
there is no immediate prospect of running cars 
with nuclear power or lighting houses with radio- 
active lamps, although there is a good probability 
that nuclear power for special purposes could be 
developed within ten years, and that plentiful 
supplies of radioactive materials can have a pro- 
found effect on scientific research and perhaps 
on the treatment of certain diseases.” 
Some Other Some of the foregoing discussion 
Possibilities applies, of course, only to the 
uranium chain reaction. This is 
the only nuclear reaction that has been demon- 
strated as a practicable source of power within 
the grasp of man. 

On the other hand, there is no certainty that 
some other chain reaction yielding nuclear energy 
may not be developed, and no general principle 
to forbid it. 
six steps and resulting finally in the transforma- 
tion of four hydrogen nuclei into one helium 


One such reaction, a cycle involving 


nucleus, is now believed to be going on in the sun 
and to be the source of the sun’s energy. 

In this sun cycle, as in the uranium fission 
reaction, the energy liberated represents only an 
energy of rearrangement of a certain number of 
protons and neutrons. The mass change per 
particle corresponding to this energy change is 
only a minute fraction of the total mass of the 
particle — less than 0.1% in uranium fission. The 
most exciting speculation is that it might be pos- 
sible to destroy massive nuclear particles com- 
pletely, changing all the mass into energy at one 
sudden blow. 

There is no general principle to forbid this. 
In fact, a converse reaction, the conversion ol 
some of the energy of an X-ray into the mass ol 
two electrons, has been known for years. 

Neither of these two possibilities, neither th 
possibility of getting the nuclei of some commo! 
substance to transform themselves in a nuc! 
chain reaction like that of the sun, nor the 
sibility of discovering a chain reaction to 
hilate neutrons and protons, now seems | 
anywhere in sight. The uranium chain reacti 
all we have to go on, and even it is apparent! 
from ready to turn the wheels of the cou 
However, the lot of the prophet is notori 
hard. 
uranium 


Seven years ago no one suspected t! 


nucleus, lightly touched, could split 


apart like a ripe watermelon. $ 
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UMAX FURNISHES AUTHORITATIVE ENGINEERING } ‘y MOLYBDIC OXIDE, BRIQUETTED OR CANNED @ 
DATA ON MOLYBDENUM APPLICATIONS. \ FERROMOLYBDENUMe “CALCIUM MOLYBDATE” 
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Wittram H. Sparrow ®@, for- \ Battelle Research | OWshigimEe 


P | merly metallurgist pa cag Mate has been awarded to ( OYD | 
aye é » rials Laboratory of the Sperry SNAVELY ©, recently released fr 
( rsona 5 Gyroscope Co., is now metallurgical active duty in the Naval nil 

engineer at the East Pittsburgh ; 
ri of Westinghouse Electric JoHN Lowe III has resig 
GeonGe W. CreMER @ has re- _— his position as hy cteist Tat 
turned to the Hardy Co., New York, , Model Basin to become soils pa 
to do research and consulting in E. A. GLenn, Jr. &, formerly foundations engineer with : 
powder metallurgy after two years with the American Car and Foundry Knappen Engineering Co. of Ned 
working at Los Alamos on _ the Co., is now senior metallurgist in York, N. Y. : 
atomic bomb project. the research division of Mack Mfg. 
ne ; Corp., Plainfield, N. J. Puitip EvANs @ has terminat 
Puomas F. Davis G, previously his connection with the Colliy 
with the General Electric Co., has RayMOND F. Parker @, formerly Radio Co., Cedar Rapids, la., ay 
been appointed district manager of metallurgist at the University of is now sales engineer v th th 
the newly opened New York City Chicago, is now an engineer at SAM Scientific Supplies Co., Seat 
sales office of the Beryllium Corp. laboratories, Carbide and Carbon Wash. 
of Pa. Chemicals Corp., New York City. } 


HARPER R. WELTON © has be 
transferred from the Atomic Boni 
Project, Los Alamos, to the positig 
of scientist at the Rocket Researe 
Laboratory at Inyokern, Calif, 





—— 


Russe_t A. BAKER @ has bee y 
transferred from the Davenpor 
| Ia., office of the Minneapolis-Hone 
well Regulator Co. to be brane 
manager of the Syracuse office 


Francisco F. Pererra-Pinto § 
having completed his studies 
Massachusetts Institute of Techn 
ogy, has returned to Brazil and 
employed at the Rio de Janeir 
Navy Yard as assistant engineer 


Bernarp J. HicGins @, former 
with the Linderme Tube Co., is! 
general superintendent of t 
Agaloy Tubing Co., Springfi 

















speed or high carbon, high chrome 
steel is heat-treated scientifically and «= 
economically with Sentry Electric 
Furnaces and Sentry Diamond Blocks. 
So say the leading industrial compa- 
nies as evidenced by the long list of 
satisfied users. 


industrial sales representative 
the Reynolds Metals Co. in Phil 
delphia. 


| 

Olvio. 

| L. G. LAwrence @, for 
Molybdenum, tungsten or any high with the Aluminum Sheet Roll 

Mill, has recently been appoint 

| 

| 


Wetp ConLeEy @ is now @ 
| ployed by the Chain Belt Co 
Milwaukee, Wis. He has been 
| the Naval Ordnance  Laborat 
during the war. 
Sentry Diamond Blocks produce a 
controlled neutral atmosphere assur- 
ing clean, scale-free, true-to-size 
work with maximum hardness and 
no decarburization. Heat to 2350 F 
in about an hour — no waiting, no 
wasted fuel, no fumes. Anyone can 
operate them. 


Awarded a Kellex Corp. key! 
contribution to the U-235 Ator 
Bomb: C. F. Rostson @, Harsh 
Chemical Co. 


Isaac J. KuNIk @ has t 
ferred from the Underwor Con 
’ 


to the patent law department 
P. R. Mallory & Co., Inc., New Yo 











SENTRY 
MODEL Y 


eee RaLtepu W. Baitey @&, previous 

| with the United Aircraft Produd 

is now sales engineer for Amertt 

| Smelting and Refining Co., Bark 
N. J. 


Investigate the Sentry line for 
volume production or tool room 
requirements. Sizes and capaci- 
ties to meet your specifications. Treosas E. Maace @, wie 
been with A. M. Byers Co., 1s 2 
assistant superintendent of the ™ 
shop of Rotary Electric Steel! 
Detroit. 


t 
"The Sentry Company /%u Russet. Hanoy @, on rele 





For full particulars write for bulletin 1020-6A4 


from the Navy, has assumed dt 


FOXBORO, MASS., U.S.A. as metallurgist for the Ol Bra 


A m Dy ° . . 
omPeee Co., Mansfield, Ohio. 
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...eby REVERE 


Revere NOW offers rod in a wide variety 
of alloys and the following shapes: round, 
hexagonal, octagonal, square, special. 
The physical characteristics of this rod 
vary with the alioy of which it is made, 
and the nature of our processing of it. 
Thus we can furnish you with rod suitable 
for practically any fabrication process 
and end use. 


We offer Revere rod in the following: 


Copper Manganese Bronze 
Free-Cutting Copper Herculoy 

Free-Cutting Brass (Silicon Bronze) 

Brass (not free-cutting) Aluminum Bronze 
Red-Brass Aluminum-Silicon Bronze 
Naval Brass Nickel Silver 

Muntz Metal Magnesium Alloys 
Commercial Bronze Aluminum Alloys 
Roman Bronze Special Alloys 


Available in coils or straight lengths, 
depending on size and composition. For 
full details, prices and deliveries, consult 
your Revere Distributor or us. The Revere 
Technical Advisory Service will gladly 
work with you in selecting the rod best 
fitted for your needs. For this assistance. 
which is given without obligation, just 
write the nearest Revere Office. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere im 18 
Executive Offices 40 Park Ave... New York 17 
Mills: Baltimore, Md mCa RO lL; Detror 
New Bedford, Mass lome Sales OF 


Precipai cr str wiors evervupere 
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Triplett and Barton, Inc., have H. JEROME SEIM & has ccepteg 

> transferred J. J. Prernce @ from the a position as instructor i hemis. 

| ATS ¢ Is Seattle office to the home office at try at the Montana School of Mines 
¢ I . ona . Burbank, Calif., where he assumes Butte, Mont. 


the position of assistant production ; 
KENNETH H. J. CLARKE @ hay 


Ronert W. Knapp @ has been aia th returned to the Internatio Nickel i 
transferred by the Aluminum Co. GrEonRGE E. PELLISSIER @G, formerly Co. of Canada, Ltd. in Ti to, a 
of America from the Newark, Ohio, with Columbia University and the assistant manager in charg gi 
plant to the Massena, N. Y., plant Carbide & Carbon Chemicals Corp., Canadian sales. He has been specig iii 
where he is assistant department is now with the research and tech- assistant to the Canadian membe 
superintendent of remelting. nology department of the Carnegie- of the Combined Production ani 

. P Illinois Steel Corp. in Pittsburgh. Resources Board in Washi 

WILLIAM W. Martin @, formerly : 
with the Naval Research Labora- Wittiam L. Mover @&, formerly R. A. SHattruck ©, fe erly 
tory, Washington, D. C., is now with the Continental Foundry & with the Crucible Steel Co., is noy 
superintendent of the electric fur- Machine Co., is now mechanical en- sales metallurgist with the | con 
nace department with the Pacific gineer with the Socony-Vacuum Oil Steel Co., Philadelphia. 
States Steel Corp., Niles, Calif. Co., East Chicago, Ind. T. L. Reamxsox @ pr - 


with the Amplex Divisio f the 
Chrysler Corp., is now with the 
S. K. Wellman Co. of Cleveland. 





W. H. McCormick @ has beeg 
recently appointed chief metally 
gist of the Pittsburgh Park Works 
Crucible Steel Co. of America, fo 
lowing 17 vears of service with thi 
company. 


WaLTer R. BreeL_er ©, formeriy 
assistant general manager of th 
Allegheny Ludlum Steel Corp! 
Dunkirk, N. Y. plant, has been a 
pointed general manager to succee 
Charles Spittall, retired. 





| HarLey C. Lee &, formerly with 

| Basic Magnesium, Inc., has rejoined 

| the Basic Refractories, Inc. i 
Cleveland, as vice-president 


ERNEST S. Kopeck! & has joine 





| 

| the staff of The Iron Age as an ass 

| ciate editor following his relea 

| from active duty with the U, § 

Navvy. 

Awarded the “Tribute [ Af 

| preciation” of the Gray Iron Fou 

| ers’ Societv: DoNnaLp J. Reese § 

| of The International Nick 
Ine. 


om 
namic Martin S. Bure ©, for 
chief chemist of the Dodge ¢ 
| plant, is now chief chen 
DRYERS technical foundry adviset 
Certified Core Oil & Mfg. ¢ 


Socony-Vacuum Oil Co., | 


FOR SUB-ZERO DEW POINTS | © esx sense g, forme: 


the American Non-Grai 


. Corp., is now with the U. S. | 
t wer | D> 
Kemp Dynamic Dryers are the answe Be g > age ye > 


to chemical process problems wherever department in Burlington, N 
moisture is detrimental. Moxse HILL @, previous 


the Battelle Memorial Inst. 


For Dehydrating eee engaged in research in thé 


lurgy of powdered metal 

Moraine Products Div., 
AIR e GASES bad LIQUIDS Motors Corp., Davton. Ohi 
at pressures from atmospheric to 1500 Ibs. Honored by the American W 


ing Society: SAMUEL L. 
technical advisor, Battelle } 


The e Inst., asked to deliver the 4 
. . Manufacturing Co. Lecture; H. C. BoarpMan @ 
Chicag 


tD 


search engineer, 

405 E. OLIVER ST. BALTIMORE 2, MD. | 0 [ron Co., and Davio 
Jacosus @, both awarded 

INERT GAS PRODUCERS « FLASH ARRESTORS memberships. 
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ECAUSE it provides the extremely fine 
grain and high sensitivity necessary 


for greatest detail in the plastic, as well as 
the high contrast needed for clearly visual 
izing the location and condition of the metal 
inserts, Kodak’s Industrial X-ray Film, 
Type M, is the correct choice. In direct 
exposures or with lead foil screens, Type M 
provides maximum radiographic sensitivity. 

In addition, the unusually high quality 
and fine grain of Type M Film meet the 
increasing emphasis on critical examination 
of light allovs at average kilovoltages . . . 


and steel parts at a million volts or more. 


Kodak makes the four types of film 
needed in industrial radiography 





is first choice for 
critical examination 
of plastic parts 
with metal inserts? 


A ; Kodak’s Type M 


In addition to 


Kodak Industrial X-ray Film, Type K 


x-ray radiography of heavy steel part 


low x-rav voltages 


Kodak Industrial X-ray Film, Type A 


ck 


whet 


millon-volt radiograph 


parts, and for light 


Kodak Industrial X-ray Film, Type F 


primarily tor radiography, W 
calcium tungstate scree! i\ 
teel parts The lastest Pass i rad 
grap method. 

Choracteristic Curve, h | 
X-ray I Type M r . 

rOSUTe , th et _ De 

ent: as 6s” I h 

Rapid X\-1 1) per or A k | 
X\-1 ey | Repk 

EastTMAN KopaK COMPANY 

\ ri Dj 
Rochester 4, 


a 


ov 


; 


M 


! 


+} 


Kod 


owe 


Koclevke 


x Which x-ray film 






MOORE RAPID 


Personals 


H. W. LowniE ©, p 
with the Westinghouse 
Corp., has joined the stafl 
Battelle Memorial Inst. as 
eng rineer. 


FURNACES 


Elected by the America 


100 TONS 
* ’ g Society: President, W. 
down to ?) a . Peart es, “ aoe of nialiors 


250 LBS. head of the 


Rensselaer Poly 
Institute; second vice-p! 
N. Srecer &, presid 


Illustration is of , 3 general manager of the S-M-S 

vo ” 9 ‘ ! 4 rhe following were also 

Size OT, 8 to 12 tons Siena ies Oe eine 
Capacity 


neering and 
laboratory, 


CrEORGI 


&, manager of the weldment 
ment, Northern Ordnance, | 
B. KinzeL. &, vice-president 
Electro Metallurgical Co.; and R 
ruomas &, president, Arcos ( 


A. T. Hamitt @ is no 
ciated with the materials e1 


reduced current and refractory costs. reduced electrode break- te dept. of Westinghouse | 
orp. 


Because Lectromelt furnaces provide excellent control of the heat. 


they are used in the production of many fine steels. At the same time the 


top charge feature results in definite economies—greatly reduced charg- 


ing time, 


age hazard, ete. They are correct for plain carbon and alloy steels of all 


JeEAN Paut ELKANN @ wil 
director of the Titan Metal 
, facturing Co.’s export office in N 
Write for catalog. York. @ has 


ARMAND ELKANN ©& 
PITTSBURGH LECTROMELT FURNACE CORPORATION MigRintaa 


represent 
Metal abroad. 
PITTSBURGH 30, PENNSYLVANIA 


types, as well as gray and white irons, either basic or acid method. 


| 
i 


Patron, Jr. & has |! 


of the Hepp 


Co.’s Chicago sales office. 


J. 4). Low. Ji S has bee 


pointed assistant division n 


High Temperature for Illinois, Indiana and | 


the lke vnolds Metals Co 
as 


Heat Treating Furnaces | ,,.2%@,',£0.% 


Gunite Foundries Corp., has 
made president of the newly ! 
ARE YOU GETTING Z-Metals Research Institute 
PROPER TEMPERATURE C. S. Mercer @ has be« 
0 ‘ ferred from the 
Uniformity 9 pany of America’s Spokane 
Furnaces in New Kensington, Pa. 


Aluminu! 
to the sales division of the « 
Joun J. Srosre, Jr. & 


JAMES C, 
placed in charge 





Harper Custom-Built 
are proving satisfactory under 


modern exacting heat treating 
requirements. They provide ex- 
treme uniformity 
throughout the heating chamber 
plus precision control essential 
for today's high-grade alloys. 


temperature 





Harper Engineering will solve 
your heat treating problems with 
a furnace built to meet your 
specific needs. 


HARPER 


ELECTRIC FURNACE CORP. 
1450 Buffalo Avenue 
Niagara Falls, N. Y. 
Incorporated 1924 
1350 
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aluminum 


with the Apex Smelting and 
ing Co. as metallurgist. 


Bruce G. Jounston & 


turned to Lehigh University 
he is associate director of tl 
Engineering Laboratory a 
fessor of civil engineering. 


F. D. ArncHer @ has be 
pointed midwestern sales 
of The Carpenter Steel Co., \ 
Alloy Tube Division, with 
in Chicago. 


G. N. EMMANUEL @, for 
the Murray Co., has joined 
cock & Wilcox Tube Co., Ne 
as metallurgist. 


Gronce L. Roor @ is 1 
the Reynolds Metals Co., | 
a development eng 
textile applicat! 


Ky «» aS 


I 





\ 








MALLORY 
Seam Welding Wheels 


Speed Production 
of Steel Tubing 


6" EL tubing from 144“ to 26” in diameter and from 0.015” to 0.75” in 
% | thickness is seam welded from steel strip in modern tube mills. In 
iller sizes, production speeds of 100 feet per minute are common 


Coils of steel strip are fed into forming rolls and shaped into tubes. As th 
edges meet under pressure, they are butt welded into tubing. What 
s to be a single large electrode is actually two wheels separated by 
n. These wheels make contact with each side of the seam and act as 

t carrying electrodes in performing the welding operation. 
Made of Mallory 3* Metal, these two seam welding wheels assure high speed 
luction and a minimum of down time for dressing. Welds are sound, 

nd strong. 

istance welding of various metals—mild and alloy steels, stainless 
aluminum or plated metals; by spot, seam, flash, butt or projection 
Mallory engineers have developed electrodes that assure faster, 
welding at lower cost. Special Mallory electrode alloys such as 
y3 Metal, Elkonite* and Elkaloy A* are helping metal fabricators 


ew production records. 


\ day for your free copy of the M: illory ( atalog on resistance welding 


les. Our engineers will gladly help with any specific problem. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 









) aluable Information- 


Improved, revised, and expande 
he Mallory Resistance Welding Dat 
Book (3rd Edition) is the n 
manual available « i \ 
g methods, mach ind ma 
Free to tl sing 
ré ted ¢ 
aid. Pr tude 
! t stitut < ) 
post B 
160 








*Rea. U.S. Pat. OF 


AYfelatelolge| 
AL L . O R4 Resistance Welding Electrodes 


\ 
FLASH -BUTT- PROJECTION is T atm 
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Personals 


W. R. Sprincer @ is now em- 
ployed by the Armco International 
Corp. in the Allied Products Divi- 


Sion, 


Gus A. Seme. @ is now em- 
ployed by Trans-Continental & 
Western Air Lines, Ine. as senior 
engineer in the Kansas City main- 
tenance department. 


James R. Tuan &, formerly 
chief engineer of the Los Angeles 
Division of the General Metals 
Corp., has been transferred to the 
Houston division of the same cor- 
poration to assume the position of 
plant superintendent. 


Paut R. Martino @ has been 
transferred from the Chicago to the 
Denver oflice of the Carnegie-Illi- 
nois Steel Corp. 


Pvt. W. E. Burter @ has been 
assigned to the public relations 
oflice of the Clinton Engineer 
Works, Oak Ridge, Tenn. 


GEORGE W. MILLER @ is now with 
the Deep Freeze Corp. where he 
plans to do research in low tem- 
perature treatments. 


J. D. DALE @ is now discharged 
from the armed services and has 
resumed his position as vice-presi- 
dent of Charles Hardy, Inc., New 
York. 


WILLIAM H. AcreMan @, for- 
merly with Hall Equipment and 
Products, Ltd., has been made Brit- 
ish Columbia manager for Peck- 
over’s, Ltd. 


KENNETH F, Cropper @ is now 
selling mining and metallurgical 
equipment for the Galigher Co. in 
Salt Lake City. 


KENNETH A. Honrotu @, for- 
merly with Jack & Heintz, Inc., 
Cleveland, is associated with the 
Perfection Products Co. of which 
he is part owner. 


Upon the retirement of JAMES 
D. STERLING &, former manager of 
the Cleveland oflice of the Hoskins 
Manufacturing Co., James W. 
STERENBERG @ of the company’s 
Chicago office has been named 
Cleveland manager and D. E. Swan 
@& of the New York office has been 
transferred to Chicago. 


S. K. Ortver &, formerly with 
the General Motors Corp., and Doug- 
las Aircraft Co., is now director of 
sales and development of the 
Lithium Corp., Newark, N. J. 


Rem B. Gray @ has been ap- 
pointed director of the Reynolds 
Research Institute. 


GroRGE GoopMAN @ has opened 
an oflice in Baltimore where he will 
be distributor for Automatic Tem- 
perature Control Co.’s products. 


GrorGe T. Morock ©, metallur- 
gical engineer with Metalloy Cor- 
poration of Minneapolis, has re- 
turned from a three months’ stay in 
Europe where he served as scien- 
tific consultant. 


H. H. THomasson @ has been 
appointed head of the physical 
laboratory of the Canadian West- 
inghouse Co., Ltd. 


Joun H. ScHMonve @ is now an 
instructor at Warton American 
Technical School No. 1, in England, 


Col. Joun H. Frye @ has re- 
turned to Columbia Steel & Shafting 
Co., Pittsburgh, as general manager 
of sales, after five years leave of 
absence, during which time he was 
metallurgical consultant to Gen. G. 
M. Barnes, chief of ordnance re- 
search and development. He was 
also assistant chief of the materials 
division of General Barnes’ depart- 
ment. 


R. I. Hann @ has been trans- 
ferred from the Delco Remy Divi- 
sion to Rochester Products Division 
of General Motors Corp. 


Rex V. Witson @ is now asso- 
ciated with the Continental Oil Co., 
Ponea City Okla., as engineer. 


Ceci. J. Bren @ is now 
and chief engineer of the 
formed Biad Powder Meta 
Co., Pittsburgh. 


Henry H. PaALmMer ©, fi 
of the Corbin Screw Corp., 
product engineer of the mec! 
division of General Mills, Inc.. ¥ 
neapolis. 


GeoRGE A. GRAPATIN &, forme 
with the Glenn Tool Co., is 
with the White Motor Co., Chk 
land. 


Roy L. ANDERSON @ is | 
search metallographist, Westing 
house Research Laboratories, | 
Pittsburgh. He was previously 
the Star Brass Mfg. Co. 


T. A. Moorman @ has bee 
pointed manager of Forging & Cas 
ing Division of Allegheny Lud! 
Steel Corp. in Detroit after servings 
in a similar capacity in the 
pany’s Los Angeles plant. 


WititiAM C. Heatu @, chief ¢ 
gineer of the Solar Aircraft ( 
San Diego, Cal., has recently 
turned from a technical survey 
German war industry. 


Mark H. Kern @ is now assis 
ant spectrographer with the A. | 
Smith Corp., Milwaukee, Wis 


H. A. Raas @ is now chief engi: 
neer with the Edw. S. Christiansen 
Co., Chicago, Il. 


CuHarLtes E, Voisr @ is now 
affiliated with the Columbia Steel 
Co. in Los Angeles. 


GARY STEVEN @, formerly wit! 
the Curtiss-Wright Corporation, is 
now with the Frank Morrow | 
Providence, R. I. 


Carboloy, Inc. of Detroit h 
secured the services of Dona.p | 
ScHWarTZ @ who, until two year 
ago, was superintendent of the 
allurgical laboratory of Clevela 
Graphite Bronze Co. In the interi 
he was with the “metallurgi:« 
laboratory” at the University 
Chicago, working on the at 
bomb. 











... for better machining of to 


® Each machining job is different. ThredKut 99 
can be used straight or diluted to fit job require- 


ments 


Stuart Oil Engineers, "skilled in the art’ 
can adapt this perfectly balanced heavy duty 


cutting oil to give the results you are looking for. 


D. A. Stuart Oil Co., Limited, 2. 


Chicago 23, Illinois. 


p.A. Stuart {Jil co. 


ESTABLISHED 1865 


3 So. Troy Street, 
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igning the gun-control systems 
shot down enemy planes, Army 
experts were faced by long 


£ mathematical calculations. 


Bell Laboratories dev eloped an 


il relay computer. It solved 
ited problems more accurately 
ftly than 40 calculators work 
shifts around the clock 

mbling your dial telephone sys 
hich seeks out and calls a tele 


number, this brain-like machine 


ind energizes electric circuits to 
= 
Sat 
g % 
ew Pa 
Qa F 
NG AND INVENTING DEVISING AND 








correspond with the numbers fed in 
Then it juggles the circuits through 
scores of combinations corresponding 
to the successive stages of long calcula 


les and 


tions. It will even solve triang 
consult mathematical tables. The 
operator hands it a series of problems 
with the tips of her fingers — next 
morning the correct answers are neatly 
typed. Ballistic experts used this calcu 
lator te compute the performance of 
experimental gun directors and thus to 


evaluate new de signs, 


Left to right 


solution emerges in the teletype receiver 


The operator punches the problem 


dota on tape, which is fed into the computer. The 


Relays 


which figure out the problem look like your dial 


telephone system 


In battle action, Electrical Gun Di 
rectors are, of course, iInstantaneou 


Such a director helped to make the 


port of \ntwerp ivailable to our 
vancing troops by directing the gui 
which shot down more than o of 


the thousands of buzz bomb 
Every dav. vour Bell Syst 


phone Cats ir speeded wu 

which use electric currents t un 

Even now esson learned | nt 

relay omputer are beir y apy ed t 
I I 

the extension of dialir 4 crt ry 


BELL TELEPHONE LABORATORIES 


PERFECTING FOR CONTINUED IMPROVEMENTS 
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ASTINGS FOR UNUSUAL SERVICE... 


UNUSUAL © 


Where Castings Have To Be 


choose 


HBSCO-MEEHANITE 


Where the job calls for day-after-day, year-after-year service at high 
temperatures, count on castings of Absco-Meehanite to meet the test of 
severe and long-continuing use. They are made to specifications that 
assure resistance to growth, warpage and scaling under heat. 

Primarily because of its heat-resistance, Absco-Meehanite was used 
in the 41-ft. 65-ton reactor plate assembly shown here, and made up of 
90 separate castings each fitting into its proper place. Strength and 
machinability were important contributing factors in determining its 
acceptance for a special service, the nature of which must remain a 
military secret. 

There are four main classifications and twenty-one different types of 
Meehanite. In all likelihood, you will find among them a metal with 
just the right combination of controlled physical properties demanded 
by your work. Let Absco-Meehanite engineers help you in your casting 
selection. 


ABSCO-MEEHANITE PROPERTIES 


Strength (Shear, 5. Heat Resistance 
Compressive, Tensile 6. Toughness 
and Transverse) 7. Rigidity 

2. Impact Resistance 8. Machinability 

3. Corrosion Resistance 9. Pressure Tightness 

4. Wear Resistance 10. Vibration Absorption 


Meebhanite castings permit close control of physical properties. Write for 
Bulletin 21 “‘Meebanite for Heat-Resisting Castings.” 


BRAKE SHOE AND 
CASTINGS DIVISION 


230 Park Ave., New York 17, N. Y. 
4180 
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Impact Test 
for Cast lron’ 


APPLICATIONS of moder 
: duty cast iron often call 
measure of shock resistan¢ 
the need has been felt for 
time for a simple test to ey 
this quality It was decided 
the Izod type test offers th: 
possibilities and has the f 
advantage that suitable 1 
are widely available. The sta 
test piece for tough steel, h« 
is useless for cast iron. 

The first series of tests 
made on 1.1-in. dia. samples 
a 3-in. over-all length and with 
groove of 0.05-in. radius  lo« 
1's in. from one end. The agri 
ment among seven investigat 
was much closer for the lows 
strength material than for hi 
duty cast iron, where the variati 
could be as much as 50%. It w 
concluded that these test conditi 
were not satisfactory. Various alte 
native forms and sizes of test pie 
with both grooves and notch: 
were tried while several we 
designed with specially shape 
heads to avoid the double blo 
effect whereby the broken part | 
the specimen shows two or mor 
impressions of the knife edge 
While some of the test pieces gav 
promising results, none proved sat 
isfactorily consistent in eliminating 
the double blow. This experien 
confirmed earlier work that a note! 
was not satisfactory with cast ir 

A second set of tests was mad 
with the B.C.LR.A. (British Cas! 
Iron Research Association) fol 
(unnotched 0.798 in. dia.) but wit! 
the standard 22-mm. striking heig! 
rather than the specified 1 
Some measure of consistency W 
obtained, but the spread of results 
recorded by each investigator a! 
the over-all spread was felt still 
be wider than was acceptable. 

Tests showed no evidence t 
the use of a long bar broken rept 
edly is undesirable, while th 
bar enables more results t 
obtained from a given length 
when several 3-in. lengths are 
in each test. However, this n 
would call for some modificat 
the Izod machine to accommodal 
the larger specimens. Addi 
tests showed (Cont. on page 


* Abstracted from “The Devel 
of a Single-Blow Impact Test for Ca 
Iron”, by A. B. Everest, J. W 
and H. Morrogh, Iron and Stee! 
tute Advance Copy, June 1945 








- fhlow to Cut Metal Cleaning Time 


tte MINUTES 


" Some 


\ — 











| NEW, FAST-ACTION DETERGENT CLEANS FERROUS 


Ss Wil 


“fF AND NON-FERROUS METALS...Easy to Handle 


lo« ile 

ucres 

igator 

“— | Lised throughout the war in critical 
r hig : 

riation TYPICAL USES industry as a superior cleaning agent, 
It was newly-developed SOLVENT “20” is now 


e many advantages in time. labor 


ditions SS j t “26° available for all industrial needs. 
s alter 
“TP ror ZOIVEN pare | 








itches 
set and cost over other present cleaning 
{ 
shaped f=} CARBURETORS \ SPARK PLUGS POE. SHO SY Os ee eee 
+ blow Oe —Solvent 26" " Solvent "26" sofely a detergent it can be used at ordinary 
part ol pic) removes gum, gas- cleans porcelain; room temperatures. 
> more olene sediment helps loosen carbon 
dae and other accu- a its. _ , , ; —— 
= mulations of dirt. — The fast action of Solvent “26” reduces 
‘S gave 
ed sat cleaning time from hours to minutes on 
inating = dismantled engine parts and all kinds of 
rienct METAL PLATES 2 DIES AND STAMP- machinery. Simply dip. rub, brush or spray 
notc! Ss ““ “ : etie’: 
ae AND SCREENS — } 4 | ING—Solvent “26 it on. Then flush clean with hot water. 
st iro! Solvent “26” re- Bs removes drawing 
; mad stores clear, clean A / compounds from die- Mail tl or | 
+ finish to ony metal / (// formed or stomped lail the coupon today for literature an 
for surface. metal. information leading to a demonstration 
it wi of this unique product in 
. ig your own plant. 
LABORATORY PISTONS —Re- 
\ 
, EQUIPMENT— moves lacquers, 
ws Solvent “26” gums, resins, etc. 
ra frees glass and from gas, gasolene 
still metal tubing and and diese! engine 
their supports of pistons and rings. 
e th gums, varnishes Also effective for 
ep and other incrus- cleaning all parts ee vee Fo 
el tations or de- of dismantled motors, engines | . ile 
: posits. and machinery - 
{ I ] | 36 
hn th | Pine > 
1st ] y 
oe REMOVES : 
tion Oil - Grease * Gums * Varnishes * Lacquers * Paints | : 
da Carbonaceous Deposits * Asphaltic Products 
1t100 
FROM: 
Steel + Cast lron * Aluminum * Porcelain * China , 
os Chrome and Nickel Plate * Stone * Precious Metals | .a 
r Brass * Washable Fabrics | : 
: 
December, 1945; Page 1355 





\a 


4 a Oe &: ag 
aa Lats ae asada 


Cleaning precision 
lenses at Ilex Op 

tical Company 
Rochester, N.Y 





PAN 


IS USED FOR 
THE TOUGHEST VAPOR DEGREASING JOBS 


a > 


a 


ay «i 
ister a): os! 


r 


| 


i 


Tae removal of blocking pitch from precision lenses is one 


of the toughest applications for solvent vapor degreasing. 


Practically every known hazard that would contribute 


toward solvent breakdown is present. 


For many years PERM-A-CLOR has been used not only for 


high-speed production cleaning of precision lenses, prisms 


and many other parts in the optical industry, but in every 


industry where critical operating conditions exist. In every 


application where aluminum is processed, or high humidity 


is prevalent, or where mixed-metal runs are being cleaned, 


it is economical to specify PERM-A-CLOR—the solvent with 


the utmost stability. 


* 


For your most crit- 
ical applications, 
specify PERM-A- 
CLOR. 

For applications 


requiring average 


stability TRIAD 


DETNE 


13006 HILLVIEW AVE. 


MICHIGAN 
Processing Equipment 


DETROIT 27 


Solvent Degreasers - Metal Parts Washers 








DETREX SOLVENTS ARE STOCKED AT: 


Akron, Oho 
Balhmore. Md 
Birmingham, Ala 
Brooklyn, N.Y 
Buffalo, N.Y 
Cambridge, Mass 
Charlotte, N.C 
Chattanooga, Tenn 
Chicago, tl 
Charlestown, Mass 
Cincinnat, Oo 
Cleveland, Ome 
Dallas, Texas 
Dayton, Ohio 
Denver, Colo 
Detroit, Mich 

El Monte, Cal 


Fort Wayne, Ind 
Grand Rapids, Mich 
Houston, Texas 
Indianapols, Ind 
Kansas City, Me 
Lima, Ohio 

Los Angeles, Cal 
Lockland, Oho 
Milwaukee, Wis 
Minneapohs, Minn 
Nashville, Tenn 
New Haven, Conn 
Newark, NJ 
Niagara Falls. N.Y 
Oakland, Cal 
Philadelphia, Pa 
Pittsburgh, Pa 


Portiand, Ore 
Providence, R | 
Reading, Pa 
Rochester, N.Y 
St. Louis, Mo 
Salt Lake City, Utah 
Saginaw, Mich 
San Francisco, Cal 
Seattle, Wash 
Somerville, Mass 
South Bend. ind 
Springfield, Mass. 
Syracuse, N.Y 
Tulsa, Okla 
Toledo, Obie 
Waterbury, Cona 
Worcester, Mass 











OYpOualtOne 
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Industria! Cleaning Compounds 





Cast lron 


(Cont. from p, 1354) that an 
prior transye; 
testing were well within the 
of variation in the test and any 


tions caused by 


sible influence of the direct 
prior bending could not be 

The double blow effect 
studied in more detail since 
of introducing a 
It has be 


recorded on all types and sizes 


suspected 
source of error. 
test pieces. The double blow 

actually caused by the knife blad 
itself. It was not eliminated } 
modifications of the vise, grip 

tup arrangements nor by reduc 
energy of blow. Study of numeroy 
broken 
photography 


samples and high spe 
records have shoy 
that the secondary blow is appar 
ently formed by the test piece hit 
ting the underside of the knife edg 
with considerable force after th 
fracture is complete. A comparis 
of actual test results indicates th 
the presence of the double bk 
does not affect the impact valu 

Although tests made on ba: 
deliberately within the range 0.7% 
to 0.802 in. showed the averag 
impact value was reasonably coi 
sistent, it is felt that the machining 
tolerance should not be greate 
than +0.001 in. on the diameter 

An independent series of tests 
by the B.C.1.R.A. confirmed the g 
eral trend of the former results i 
that the most promising specimens 
were the 1.1-in. grooved bar a 
the 0.798-in. plain bar with 
striking height. Therefor 
a third series of cooperative tes! 
was made with these two types 
The results obtained by some inves 
tigators were still very erratic bu 
there was a tendenc) 
toward uniformity than had bee 
obtained previously. There was |! 
explanation for the divergent results 
obtained by some investigators a 
the results still showed too wid 
dispersion .o justify the immedial 
standardization. 

However, a recommended | 
cedure has been evolved. It 
vides for a 0.798-in. dia. by 
long specimen to be_ broke 
standard 120-ft-lb. Izod mas 
with a striking height of 2: 
grips. The 


22-mm. 


greater 


using special 
machine should be in good 
tion and rigidly fixed. Test 
may be machined from the 
dia. by 21-in. long transvet! 
bar or from the broken ha 
this bar, after testing. WI 
possible at least three tests 


be made and averaged. 





INS Very 
€ limits 
ANY pos 
tio 
une 
CL Was 
> It was 
Serio 
iS bee 
S1zes o 
blow j 
e blad 
ited by 
Tips « 
reduce 
merous 
speed 
Show 
appPpar- 
ece hit- 
ife edg 
ter the 
paris: 
tes thal 
e blov 
alue. 
n bars 
fe 0.794 
average 
ly Con- 
chining 
greater 
eter 
of tests 
he gen- 
sults is 
cimens 
ar ane 
vith 
refore 
e tests 
types 
» inves 
tic but 
dency 
d been 
was 0 
results 
rs ant 
wide | 
nediate 


d pr 
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CONSULT WITH COLGATE ON 


Mt 


If you are interested in substituting light metals for present 
materials—have a tricky or complicated job, where Aluminum, 


Magnesium or Stainless Steel might be used....that is our specialty! 


Colgate Aircraft Corporation, as a result 
of its wartime experience in building sub- 
assembly parts for planes, has brought 
something new to the light metal field. 


Of course we will take parts fabrication 
and assembly jobs where the blueprints 


are all ready for production. 


But one of our biggest assets is the 
ability to lick the hard problems, to relieve 
the manufacturer of the need for planning 
and engineering his products in light metal 


production. 


IMPORTANT DISCOVERY 





Colgate, long ago, discovered that the 
most important aid to a manufacturer often 


was before the job went into production. 


We found out that the most helpful aid 
was the furnishing of a complete engi- 
neered service that took the problem at its 
inception and worked it out almost from 


the “idea basis’ to completion. 








This realistic co-operation in the plan- 
ning, followed by quality control, constant 
supervision, and experienced personnel 
operating the latest in modern facilities, is 
one of the reasons why Colgate is earning 


a good reputation for assisting manufac 


turers in fabricating aluminum, magnesium 


or stainless steel parts and assemblies. 


Deliveries on time is another factor in 
Colgate operations which is a part of the 
dependability of its engineered service 
available to the industry. 










WHY NOT FIND OUT? 


Before dismissing the possibility of the 
use of light metals as a substitution for 
present products, why not write to us about 


your problems? 


Our engineered service is available to 
you for consultation without charge and a 
conference may result in furnishing you 


with important aids to your business. 






G@OLGATE Gr cuilton 


AMITYVILLE, LONG 





. 


NEW YORK 





DIVISION 
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SUPERIOR CEMENTED CARBIDES 


MRE NNAMETAL Suc., catrose, PA 


nnametal Grade 
1eeded recent 

for machining cast 
is an improved t 


strength in 








REMOVES TONS OF 
METAL FROM 
CHILLED CAST IRON 
PARTS, AT TOOL 
COST OF 74 CENTS 
PER TON 





MULTIPLIES oy T. 
O CASTing 


ON 
‘Row 








CUTS 35 PIECES 
(on Abrasive Electric 
Iron) AS AGAINST 
3 FOR CARBIDE 
PREVIOUSLY USED 








Vetal Progress; Page 1358 


High Speed Drilling 


NEW drilling system ree. 
Detroit | 
and Tool Co. portends spe 


developed at 


mass production drilling far b 
With o1 
unannealed cast iron, the 
mended speed of 900 r.p.m. for , 
-in. drill and a feed 
would give a rate of 
With the 
hyper drilling system, an -in, 
drill running at 1800 r.p.m. drills 
6% . thick cast iron at about 9 
in. per min. and better. One reg 
son for the high speed is that th 
drill goes through without stopping 


present practices. 


conventional 
of 0.007 in. 
about 6.3 in. per min. 


to clear the chips as is ordinarj 
done in deep hole drilling. 

In the standard drills, the siz 
of the drilled oil holes and their 
coolant capacity are limited by th 
metal betwe 


amount ol solid 


grooves. As an improvement, a d 
was developed with a milled 
channel which is then sealed 
a Silver soldered strip of mild 
Thus the area of the duct is 
siderably increased without i 
way impairing the cutting ed 
rhe hyper drills are mad 
high speed steel heat treat 
standard specifications. The 
of the milled duct type but 
the channels open. They look 
conventional four-flute drills 
two intermediate flutes servi 
coolant ducts. The drills are 
than ordinary as they 
from the flutes. The bushings 
specially designed rotary type, 
ning in precision ball bearings 
stationary housing. This bu 
acts as a seal for the coolant a 
a seal between itself and the 
piece. The lower end of the 
shell is cut away to form two s 
cutting edges which serve as 
breakers. The conical secti 
the bushing is cut away for 
disposal. The intermediate 
are closed by rubber seals s 
coolant is forced downward 
the intermediate flutes to the 
of the drill. Coming through 
a high pressure, the coolant 
forces the chips upward th 
the major flutes. 

Although the method is 
what more involved than the 
ventional methods of drilling 
designed for mass produ 
rather than for short runs. O 
up, it shows remarkable resul 

*Abstracted from “Speed an 
cision With Hyper Drilling”, b 
Stad, The Tool Engineer, Jul 


Dp. 33 
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| THEY GAVE THEIR PROBLEM THE 


5400 per hour 


with TOCCO 


O improve engine performance and cut 
costs, this manufacturer altered the de- 


sign of his tappet. A steel push rod seat, brazed 
to the tappet cylinder, was the basic idea. The 
problem was to harden the seat without scale, 
without distortion of the cylinder and without 
affecting the braze ...andtodothis at Jow cost. 


A TOCCO Induction Heating machine 
with special fixture solved the problem with 
these results: 


HOT SEAT 


TOCCO electrical induction heats the seat 
only to a uniform depth. TOCCO’s integral 
quench then cools the area, hardening it to 
60 R.C. This quick, localized treatment 
avoids scaling and distortion, and does not 
disturb the nearby braze. The quality of the 
result is attested by millions of these tappets 
now in service. 


And as for Jjow cost: Two wheel fixtures 
keep the tappets turning into the inductor 
and quench. Operators simply load the 
wheels. The tappets drop out at the bottom 
at a cost-cutting rate of 5400 per hour. 


How about your problem? The TOCCO 
Engineer nearby and the TOCCO Develop 
ment Laboratory are at your service. Write 
for free copy of “‘Results with TOCCO”. 


THE OHIO CRANKSHAFT COMPANY «+ Cleveland 1, Ohio 
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INDUCTION 


HARDENING, BRAZING 
ANNEALING, HEATING 











For making better tap holes, and for quick hot repairs at critical points inside the furnace 
more and more operators are using 6% Plastic. Where conditions are severe and operating 


temperatures unusually high, this basic 


plastic refractory gives excellent service 





IT’S A GOOD PHONE NUMBER TO KNOW 


BASIC FURNACE 
dy. 7 
tal | 


sa 


REFRACTORIES 


BASIC REFRACTORIES, INCORPORATED < 


i pene are times when a steel man 
has his refractory troubles—he may 
be making tap holes too often, having 
excess bottom delay time, having too 
many break-outs, or an old bottom may 


need a major repair or renewal. 


Then is the time to think of the “Basic” 
Engineer. Just give him a call, and he 
will be right over. For he’s your ‘First 
Helper” in any emergency on refrac- 


tories—he is trained to work that way. 


The “Basic” Sales Engineer is different 
from many of the sales representatives 
who ask you for business—different in that 
he is charged specifically with a double 
responsibility. His first duty is to help his 


customers to more effective use of refrac- 
tories, and thus to contribute to increased 
steel production and lower refractory 
costs. He works on the theory that if “Ba- 
sic’ products acquit themselves satisfac- 


torily, the orders will be forthcoming, too. 


You can always depend on the advice 
of the “Basic” Engineer, for he is a 
practical steel man, too. In addition to 
his sound knowledge of basic refrac- 
tories, he knows steel production as a 
man with actual experience in making 


open hearth and electric furnace steel 


So write his phone number at the top 
of your list. Comes any emergency, it's 


a good number to know. 


HANNA 


Cleveland 45, Chit 
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BuILoOING 


600-lb pins for 
iberg’’ Diesel en- 

the way to be 

into Homocarb 

in foreground. 

il be carburized 
uniform depth of 
90’, slowly cooled, re- 
in the Homocarb 
wnace and quenched. 
rdberg Mfg. Co., Mil- 
mukee, uses two Homo- 
Vethod equipments 
ind similar work. 


ARBURIZING’S War Record 
Points to Peacetime Savings 


\sa cost-cutter and a production- 

reaser, the process of carburizing 

nes out of the war ready to help 

ve many problems in the design 

| manufacture of steel parts 
h require hard surfaces. 


irburizing was, of course, ready 
widespread quality use in the 
te 1930's, but its quality possi- 
ties were not particularly well 
wn. Enormous use in war work 
is the fact which proved on a 
lesale scale that quality and 
tity can go hand in hand in 
irizing, 


. , speed under protective atmosphere Vass-production carburizing 
irge percentage of all this 


grade, low-cost carburizing : Mpa 
nd is done by the Homo Catalog T-623, sent on request. If hatteries of Homocarb Furnace 

lof carburizing. For Homo- however you have a carburizing shows suttability of Homocarb 

rd g ves full, easy and automatic problem actively in work, we sug- Method for high-quality high 

ot the ‘‘furnace’’ factors in 

ess. There are four of these 

lemperature, Time, Qual- d : a a 

| Quantity of carburizing Furnace, ask about the new quick Springfield, Mass. 


They are fully explained in our of airplane engine parts, in big 


gest you see an L&XN engineer. And production work. Photo court 
if you already have a Homocarb Perkins Machine & Gear ( 


and Control of cooling cooling feature which can be added 


LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA. 44, PA. 


LEEDS & NORTHRUP 


EASURING INSTRUMENTS TELEMETERS AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 





f- 
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What do YOU Need 
ind 
Carburizing 
Fixture ? 


LONG LIFE 


All these fixtures are made of our 
Alloy-502, with 35% Nickel and 
1814% Chromium—a composition of 
extreme durability. 


a 
Le) 


ee ne 


a" 


= FREEDOM FROM 
= OF LOADING 9 rRouBLEsomE WELDS 


The fixtures are sectionalized in such 
a way as to make loading easy, 
and also to prevent undesired mix- 
ing of parts. 


There are almost no welds in these car- 
burizing containers. Strains are thus 
avoided, and greater durability results. 


All these pit-type carburizing fixtures are of light weight, in relation 

to their strength, and the work-loads that they handle. They are well 

liked because of their simplicity and their long life on the job. Often 

they are individually designed to meet certain requirements. If you PARTS REPLACEMENT 
do pit-type carburizing you would be helped by detailed information Lo yon —apanoiag perenne 
on these fixtures. Write us. Hoskins Manufacturing Company, matter of convenience, and economy. 
Detroit 8, Michigan. 


HOSKINS PRODUCTS 


ELECTRIC HEAT TREATING FURNACES e e HEATING ELEMENT ALLOYS @ © THERMOCOUPLE AND 
LEAD WIRE @ @ PYROMETERS © © WELDING WIRE @ © HEAT RESISTANT CASTINGS @ @« ENAMELING 
FIXTURES @ @ SPARK PLUG ELECTRODE WIRE © e SPECIAL ALLOYS OF NICKEL © @ PROTECTION TUBES 
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WHITE, PICKLED—No. 1 —for deep draws. Tanks, bins 
for chemicals—the dough trough shown at the right 


—heavy duty industrial equipment — applications in 
which stainless works with its sleeves rolled up. 





DULL, SMOOTH—No. 2D —for forming, drawing, dishing 
—and spinning. Mild cold finishing has rendered 
the surface smooth and dense. Tools ride easily over 
the surface. Stainless shapes itself to your product — 
and your needs. 





BRIGHT, DIFFUSELY REFLECTIVE—No. 2B —for formed 
products where “‘look”’ is a factor. Painstakingly rolled 
and inspected for perfect uniformity of surface, 2B 
calls attention to itself. And where special sheens and 
lusters are required, 2B can be brushed or polished 


after fabrication. 





POLISHED, SATIN, REFLECTIVE—No. 4 —one of the 
most dramatic of stainless finishes—and the easiest to 


keep clean. The finish for food service equipment, 
decorative trim, dairy equipment — wherever it pays 
to boast, “This is stainless.” JUL Co Bn 





EASTERN STAINLESS 


STEEL CORPO”) * a] 
BALTIMORE 3, MARYLAND - 


%: | oF Celene EVELAND «+ DALLA 
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ZIRCONI 


by the Hydride Process}. 











Metal Hydrides Incorporated now offers industry Zir- simple operation, involving no danger of oxidation, and 
conium in powder, ingot and hydride forms, and in the time of diffusion is cut to a minimum. 
alloys with copper, nickel and cobalt in either powder or 


Ingots of both pure Zirconium and of the above men- 
ingot form. 


tioned Zirconium alloys also are commercially available. 

Zirconium Hydride (ZrH:) is a 300 mesh powder con- 
taining in combined state about 1.5% to 2% of hydrogen. 
This hydrogen can be safely and simply evolved from 





the powdered metal if it is heated above 300°C. 1 One of Zirconium's most interesting properties is its 
; , , | resistance to all acids except hydrofluoric and “Aqua 
Zirconium metal powder is also a 300 mesh product ©) Regia’’. Another extremely interesting property is its 
and is practically free from occluded gases. It is so ) alloying characteristics with other moe A In the case of 
reactive that it can be stored or shipped only in moist [| ‘opper,it forms an age-hardening alloy (1% of Zirconium 
condition and must be dried carefully in small lots, pref- | providing a strength of about 70,000 pounds per square 
1 prelie k } inch) without appreciable lowering of the heat and 

erably in special vacuum tanks. | electrical conductivity of the copper, indicating possible 
. “a or | uses in heat radiators, electric switches, etc. Zirconium- 

The powdered alloys of Eiscontam Copper G5 - Zr), *} Copper alloys also can be used as an addition to the ladle 
Zirconium-Nickel (35% Zr or 50% Zr) and Zirconium- | for the final deoxidation of special bronzes. Zirconium- 
Cobalt (50% Zr) are 200-300 mesh products which are Nickel and Zirconium-Colbalt alloys are of particular 
not mechanical mixtures but are true alloys in the form — as a a Pure nee meg me in 
per PORE ey 7 the state of gas-free, extremely reactive fine powder, is 

of a powder in which aw particle is a true — ary | used as an addition to flash lights, as a “‘getter"’ in vacuum 
cle. Thus, the sintering of these powdered alloys is a tubes, etc. Following is a brief summary of the physical 


properties of the three basic forms of Zirconium now 
| available from Metal Hydrides Incorporated: 


PROPERTY ZIRCONIUM ZIRCONIUM HYDRIDE 


Send for this 20 page booklet. Describes the Hydride Color 
Process, its purpose and field of application; Proper- . Amorphous form Black Powder Black Powder 
ties of Metallic Hydrides; Titanium; Zirconium; ‘ Crystalline or 
Titanium-Copper Alloys; Zirconium-Copper Alloys; i fused form Hard bright silver Does not exist 
Powdered Alloys, Etc. Write today to Dept. .C 2 Specific Gravity 6.4 ot ee 

} Melting Point 1900°C. Decomposes 


above 350°C. 
BET ETA 








METAL HYDRIDES INCORPORATED 


Helping lnesty 0 F0_— 












16 Congress Street, Beverly, Masse -hu™ 
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LIGHTEST 


OF ALL 


STRUCTURAL METALS 








IT WILL SOON BE 
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@ This new PAGE book is so informa- 
tive, so complete and so easy to use, 
that we prophesy in many shops it 
will soon become dog-eared from 
constant use. 

Twenty-eight different classes of 
production welding are listed. Op- 
posite each is the recommended 
electrodeorgasrod. Complete speci- 
fications and welding characteris- 
tics of each electrode and rod are 
tabulated for quick reference and 
easy reading. 

You can get copies of this book 
from your PAGE distributor. Or, if 
you prefer, write to the PAGE factory 
at Monessen, Pa. Ask for DH-821. 


i 
cco Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 


Vetal Progress; Page 1224 











' WE BUILD 
. Nz 
“HYDRAULIC 
ACCUMULATORS | 


FOR HIGHEST PRESSURES 
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‘e) 
HYDRAULIC PLANTS 
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EXISTING PRESSURE [| 
WATER SYSTEMS 
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HEVI DUTY Ait Tyee CONVEXTION FURNACES 


The Hevi Duty Pit Type Convection 


SIMPLE MAN 
































Furnace is used for aluminum heat | OPERATING MECHHaRy 
treating, and for drawing and anneal- 
ss ——— COVER Sta 
ing ferrous and nonferrous metals up pies 
Bet 
to 1400° F.(760° C.). The use of a high oF 
° . . 5 a as __ PREFORMED GRADS 
velocity fan assures uniform heating et BE INSULATION 
of the work even when the parts are : PS Mev! bury 
™s ne LEMENT 
BASKET ons monees Ee: mi y ~ sveaanaie Ann AgC 
° DEAD AIR A T ~~ a i TH T CHAMiS 
small. This furnace can be prevent oirecr 5 MSE TL | Suppty HEAT Loss: 
HEATING Ss et REBT EE WHERE THEY OCCU 
v =. A inks 
built for use with protective "x0 sHar | 
THRU THE HEATING e ae 


CHAMBER 


atmospheres at tempera- 


LARGE FAN PROVIDES 
HIGH RATE OF 
CIRCULATION WITH 


tures Up to 1750° F. (955° C.). UNIFORM HEATING OF 


WHOLE CHARGE 


Cut-away view of an HD-1620 
Pit Type Convection Furnace. 


Two large Hevi Duty Pit Type 
Convection Furnaces in an 


alloy steel fabricating plant. 


oe 
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event Kalure 
OF CRITICAL PARTS 


ith Surface -Hardened 
din STAINLESS 


No chances can be taken that critical parts will 
fail in life-saving equipment like this aircraft crash 
truck. When in operation the nozzle must move 
freely and easily so that the operator can “sweep” 
ADs the flaming gasoline away from the trapped 
\TION flyers with the high-pressure water stream. 
Even under the terrific force developed by the 
high-velocity jet, the bearings in the swivel joints 
iis of the nozzle must not bind or seize. And of 
Y Ag course there must be no rust or corrosion to im- 
HAME pede the smocth action of these bearings. 


That is why Samuel Eastman Company installs 
bearings of Surface-Hardened Stainless Steel in 
the swivel joints of the nozzle. 

With the new Surface-Hardening Process 
(Malcomizing), it is now possible to take advan- 
tage of the inherent strength and corrosion-resis- 
tance of stainless steel, and at the same time to 
get wear-resistant surfaces as hard as 95 Rock- 
well 15N (73 Rc). 

Wherever remarkable ability to stand up under 
abrasive wear, combined with resistance to heat, 
.orrosion, and oxidation will prevent failure of 
critical parts, you should consider the Stainless 
Surface-Hardening Process. 
































For More Information 


if you want to know more about the advantages 
of this new process and how you can use it, write 
for the technical bulletin. If you wish, one of our 
metallurgical engineers will discuss it with you. 









STAINLESS SURFACE HARDENING CO. 


255 BENT STREET + CAMBRIDGE 41 *+ MASSACHUSETTS 
SUBSIDIARY OF INDUSTRIAL STEELS, INC 


America’s Largest Warehouse for Stainless Sheets, Bars, Tubings, Wire 






Valves, Fittings, Electrodes and Hardware 
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A new era in fast, safe, efficient coach 
transportation begins with a Yoloy-frame, as 
illustrated inthis 33-passenger MAINLINER, now 
being built by C. D. Beck & Company, Sidney, 
Ohio for fast inter-city service. , 

This entirely new design permits faster accel- 
eration and braking with no sacrifice in safety, 
because the Yoloy frame reduces weight and 
increases strength at the same time. 

In trucks, trailers, coaches, railroad cars... 
wherever light weight must be coupled with 
strength, Yoloy is being picked for special new 
jobs in transportation. 

Yoloy is a low-carbon, nickel-copper alloy 
steel. It is easily welded, drawn or machined, 
has exceptional corrosion resistance, high ten- 
It in- 


creases payloads, steps up performance, cuts 


sile strength and great impact strength. 


dead weight. 
You too, can go places with Yoloy. Write for 
further informatiom. 
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© 1$44 TURCO PRODUCTS INC 


*THIS IS TURCO 
SURFACE CHEMISTRY 


Surface Chemistry is the scientific bal- 
ance and application of these cleaning 
factors to a specific problem. 

WA—Wetting Action 

EA—Emulsifying Action 

SV—Saponifying Value 

SA—Solvent Action 

CA—Colloidal Activity 

WC—Water Conditioning 

BI—Buffer Index 

pH—Energy of Alkalinity 

TA—Total Alkalinity 

RE—Research and Experience, 

the combining factor that puts 

all the above elements into 

balance and to work on your 

specific problem. 


HOT TANK CLEANING OF IRON & STEEL 


Turco Type X, through Surface Chemis- 
try*, removes grease and dirt from iron 
and steel by hot tank immersion. Type X 
emulsifies, saponifies, penetrates, wets out 
adhesive soils,and conditions hard water. 
Extremely economical and easy to use. 


CORROSION AND SCALE REMOVAL 


Turco De-Scaler, through Surface Chem- 
istry*, removes heavy deposits of car- 
bonate scale in cooling systems, radiators, 
and boilers. Turco De-Scaler is a heavy 
duty compound which dissolves scale 
without attack on the underlying metal. 


Turco W.O.#1— Corrosion and Rust 
Remover, Through Surface Chemistry*, 
W. O. #1 removes rust, stains and cor- 
rosion without injury to metal. Prepares 
metal for lasting paint adhesion. Pas- 
sivates, neutralizes and prevents rust for- 
mation beneath paint. Gives a good tooth 
to which paint easily adheres. 


PREPARING ALUMINUM FOR 
SPOT WELDING 


Turco Agiton is a hot tank aluminum 
cleaner built to provide the highest pos- 
sible degree of cleaning energy consistent 
with perfect safety. It withstands consid- 
erable agitation without foaming, removes 
identification markings and zinc chro- 
Mate primer, along with grease and oil. 


N 


PAN! 


Turco Vulco Etch chemically prepares 
aluminum surfaces for sound, uniform 
spot welding. A revolutionary cold treat- 
ment, carefully controlled in action. Sim- 
ple to use. Nonhazardous to materials 
and ; rsonnel. 



























Surface Chemistry~—new science of dirt 
removal-now insures higher standards 
of metal cleaning and preparation 
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Specialized for the metal working industries, Turco 


methods and materials cut costs, speed production, guar- 


antee a clean surface no matter what the cantamination 


Turco has developed many of the finest and most efficient cleaning 
materials and methods in the country — for gigantic industrial plants - 
for the Armed Forces — as well as for small one- or two-man operations. 


From this experience have come hundreds of specialized industrial 
cleaning compounds and a wealth of know-how that will he Ip you in 
your business, regardless of the materials and methods you are now 
using. Following are a few of hundreds of Turco compounds that will 
not only help increase the quality of your work, but which will also save 
you manpower and cut your overhead. A Turco Field Representative 
will be glad to demonstrate any or all of these products. 


PREPARING METAL FOR PLATING 


Turco Prosolv B is a remarkable electro- 
lytic plater’s cleaner which produces 
“chemically clean” surfaces. It is ap- 
proved for stripping tin deposit in the 
Bullard-Dunn Process, is substantially 
anhydrous, and completely soluble in hot 
or cold water. Prosolv B penetrates 
deeply, contains no soap, is free rinsing. 


Turto De-Scaler, used as a pickle before 
plating, produces smooth, bright, unpit- 
ted iron and steel strfaces. Fast acting, 
thorough, but carefully inhibited against 
attack on sound metal. 


Turco Acryl is a positive inhibitor against 
attack on metal in acid pickling baths. It 
is ideal in muriatic or sulphuric vats, 
either hot or cold. It is completely soluble, 
nonfoaming, nonpoisonous and non- 
inflammable—saves acid and metal. Safe- 
guards health of workers. 


PREPARING METAL FOR ANODIZING, 
CHROMATIZING AND PHOSPHATIZING 


Turco Airlion 81V, an alkaline hot tank 
material for cleaning aluminum. Airlion 





Discecmmeciicienesiin Seor 
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INDUSTRIAL CLEANING COMPOUNDS 
ee | TURCO PRODUCTS, INC. Main Office and Factory: 6135 S. Central Ave., Los Angeles 1 / 
Offices and Factories: 125 W. 46th St., Chicago ; 
New York Office: 415 Greenwich St., New York 13 + Offices and Warehouses in All Principal Cities ' 


9 + 1606 Henderson St., Houston 1, Texa 


SIV produc es a solution of intense alka 
linity yet, is harmless to aluminum. It 
absolutely harmless to aluminum. It 
cleans by wetting out, rinses freely and 
leaves a “chemically clean” surface 


GALVANIZING 


Turco offers several compounds which, 
through Surface Chemistry*, save time 
and manpower and prevent rejects. For 
example, Galvo, a hot tank cleaner that 
removes oil, paint and grease from 
structural steel preparatory to galvaniz- 
ing; Type X and Turco De-Scaler pre- 
viously described; and Turco Redi-Paint, 
a cold preparation which acts instantly— 
makes paint stick to galvanized surfaces. 


COMPLETE INFORMATION 
AND DEMONSTRATIONS 


It will pay you to get Turco’s sug- 
gestions. Write on your letterhead 
for details about any of these Turco 
cleaning compounds, or for free 
demonstrations in your own plant. 
Address Turco, Department MP-12. 
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The hydraulic cylinder piston at the left 
was made from a 2%" round steel bar 
(NE-8630)— machined to shape on a 
turret lathe, drilled at both ends and 
tapped at one end. It then was heat 
treated to 125,000 Ibs. per sq. in. mini- 
mum tensile strength, ground and pol- 


ished, chrome plated and again polished. 


But of greater importance is the fact that 
in producing this part it was necessary 
to machine away 85% of the original bar. 
That called for “top” machinability — 
an important reason why Republic Union 


Cold Drawn Steel was used. 


For more than half a century, the words 
“UNION DRAWN?” have stood for UNI- 
FORMLY HIGH MACHINABILITY— 
without sacrifice of surface, physicals, 
soundness, tolerance, response to heat 


treatment or other qualities. 


STEELS 


OF THE Qricinat 35: TEEL Bar 


MACHINABILITY © 


During these 50 years, intensive labora- 
tory research and unequalled experience 
acquired in parts producers’ plants have 
resulted, time and again, in improve- 
ments in the machinability of Republic 
Union Cold Drawn Steels. And as new 
ways for further increasing machinability 
are discovered, they will be applied to 


these steels. 


If machinability is a vital factor in your 
production, Republic Union Cold Drawn 
Steels may be just what you need to step 
up efficiency and increase output —to 
benefit from faster speeds, heavier feeds 
and longer tool life. Republic metallur- 
gists are ready NOW to help you produce 


better steel parts at lower unit cost. 


REPUBLIC STEEL CORPORATION 


Union Drawn Steel Division « Massillon, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 
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\ F-(REPY a 


TJ sen. 
>> at 


UNION COLD DRAWN 
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SAVES TIME... 
CONSERVES MATERIAL... 


SPEEDS-UP DELIVERIES 


In aircraft, ordnance, construction, shipbuilding, 
and thousands of contributing plants, innumer- 
able parts are now being built better — stronger 
— and quicker than ever before . . . with greater 
savings in money and material . . . because 
manufacturers are using one or more of the 
many oxyacetylene processes. 

As an outstanding example — steel tubing is 
oxyacetylene welded at rates up to 200 feet per 
minute. Formed from flat strip of proper width, 
then high-speed welded on a continuous tube 
welding mill, this tubing meets such tough serv- 
ice requirements as torque shafting in Army 
tanks . . . in fact any application where a pre- 
mium is placed on light weight and strength. 








Universal drive shafts, now being used in ordnance 
products, illustrate the severe service which oxyacetylene 


welded tubing withstands. 


So, if you are planning a product that requires 
maximum strength .. . durability . . . lightness... 
with greater production economy and speed, 
design it for welded construction. Air Reduc- 
tion’s nationwide Applied Engineering Depart- 
ment and its research facilities are at your dis- 
posal to supply the “know how” information on 
any design problem involving the use of the oxy- 
acetylene flame and the electric arc. 


Call your nearby Airco office today, or write: 
Dept. MP, Air Reduction, General Offices, 60 
East 42nd Street, New York 17, N. Y. In Texas: 
Magnolia Airco Gas Products Company, Gen- 
eral Offices, Houston 1, Texas. Represented !n- 
ternationally by Airco Export Corporation. 


Arr REDUCTION 


OFFICES 


IN ALL PRINCIPAL CITIES 


ORIGINATORS OF MODERN OXYACETYLENE FLAME AND ELECTRIC ARC METHODS FOR METAL FABRICATION 
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Better Metals for Many Uses 


Precision-made brass and other Western and New Haven, Conn.. delivers as 
copper-base alloys will serve important specified ...in sheet, strip, long coils or 
functions in a large number of tomorrow’s _ stamped parts. 

new and improved products. We may be able to serve you 
Manufacturers seeking alloy now. We would appreciate an 
metals to meet very exacting re- BRASS opportunity to discuss your re- 
quirements find that Western, Pints = 


with mills at East Alton, IIL, 





quirements for brass and other 





copper-base alloys. 


WESTERN BRASS MILLS 


DiviSiON OF OLIN INDUSTRIES, INC. 


East Alton, Illinois ous 
| ONE 


ed 
‘(3 


= 


BRASS « BRONZE + PHOSPHOR BRONZE + NICKEL SILVER + COPPER 
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GAS, our most Versa7i/é FUEL, 





Our troops, moving through tropical 
forests, found it often necessary to cut 
down trees of the tough teak family— 
to make passage or perhaps to use this 
sturdy timber for their needs. To saw 
down these trees required a cutting 
edge that could indeed, not only “‘take 


it’’ but ‘‘deal it out.’’ 


Sawteeth or bits are removable; they 
must be extremely hard at the edge, soft 
and ductile where they are attached to 
the band of the saw. This calls for spe- 
cially well controlled heat treating of 
the part. Gas and modern Gas heat 


treating equipment solve the problem. 


On a circular track they run the gaunt- 
let of 12 slot-type, ceramic cell burners, 
emerging with exactly the qualities 
demanded by their stern use. This fur- 
nace, operated by a girl, can heat treat 
2,000 saw bits per hour, is adaptable to 
the heat treatment of many other small 
parts, bringing to bear an intensity of 


focused heat just where it is needed. 


AMERICAN GAS ASSOCIATION 


420 Lexington Avenue, New York 17, N. Y. 


helped saw our way To Victor 


Conversely, in a mid-west plant, Gas 





furnaces did a most successful job of 
heat treating large hull castings of 


tanks, 22 feet long and 10 feet wide. 











That's a far cry from saw bits but Gas 
takes both extremes in its stride. Why 
not let the Industrial Engineer of your 
local Gas Company check over your 
heat treating problems—let him put this 


versatile, modern fuel to work for you. 














[ 
THE TREND 1S. us 
FOR ALL 
INDUSTRIAL HEATING | 
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MUDDLED ¢ 


Better refractories are being made every day, BUT the 
selection of refractories for most high temperature 
furnaces is essentially a compromise. No one type or 
brand of refractory will excel in all of the essential 
chemical and physical properties. Get ‘confusion relief 
by drawing on our experience of 80 years in trouble 
shooting refractory problems. A Taylor field engineer will 
be glad to go into a huddle and eliminate your muddle. 


Ly 





MANUFACTURERS OF REFRACTORIES « CINCINNATI « OHIO « 
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N the files at the Barnes plant is the spring 

history of almost every great mechanical 
contribution. Here is the story of the auto- 
motive valve spring, the aircraft engine valve 
spring, the typewriter spring, the refrigerator 
spring—and today, the helicopter spring, the 
radar spring, the bomb-sight spring. 


Blue prints and “specs” are the tangible 
record of these developments—but only in the 


WALLACE BARNES COMPAN 
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memories of Barnes craftsmen and engineers are 
the hours of experiment andresearch from which 
grew the final, smoothly functioning springs 


Responsibility that comes with long and close 
associations imposes an obligation to explore 
and develop the scope of spring performance 
not only for present purposes—but for new 
milestones in mechanical progress—whatevet 





DIVISION OF ASSOCIATED SPRING CORPORATION 
BRISTOL, CONNECTICUT, U.8S.4 











Where structural parts must be large at one end 
and small at the other, that’s where Aleoa stepped 
extrusions come into the picture . . . speeding 
production, reducing costs. Stepped extrusions 


offer an advantage over conventional uniform 


ections by eliminating excessive machining. 


' 
ball 
MARS 


d Extrusions 


——. 
ea cee «) 


BY USING THIS 


How about the shapes and parts you use? 
Alcoa engineers will gladly discuss your de 
signs, and offer vou the benefit of their ex 
perience with extruded shapes. ALUMINUM 
COMPANY OF AMERICA, 2101 Gulf Building. 


Pittsburgh 19, Pennsylvania. 


A Meqey:' ALUMINUM 
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Furnaces 


F YOU'RE looking to lower op- 
I erating costs for a high tempera- 
ture furnace, here’s a tip from a 
large Chicago foundry. 


On a Car-type normalizing fur- 
nace, they slashed their costs by 
installing “CARBOFRAX” silicon 
carbide piers—piers that are still 
in excellent condition after sixteen 
months of service—piers that have 
already given a life eight times that 
of fireclay. 


THE OPERATION: Four alloy grids, each 
loaded with five tons of steel castings, 
are used per car. The charge is placed 
in a normalizing furnace and brought 
up to 1650°—1750° F. This tem- 
perature is held for eleven to twelve 
hours. The car is then pulled and 
cooled in the air. 


vf pies 
—<— 


“CARBOFRAX” PIERS vs. FIRECLAY: Each 
grid is supported at the corners with 
“CARBOFRAX” piers. After a service 
of sixteen months, these piers are still 
in excellent condition. Fireclay piers 
installed in the more protected center 
position require replacement after 
two months’ use due to thermal shock 
which results in spalling and crack- 
ing. And with “CARBOFRAX” piers 
the heat is more uniformly delivered 
to the lower section of the load. 


RESULTANT SAVINGS: The cost per day 
for the “CARBOFRAX” piers has not 
as yet been determined because the 
first “CARBOFRAX” supports are still 
on the job. But their service when 
photographed had reduced pier costs 
about 66 per cent as compared to 
fireclay piers. 


Thehigh hotstrength, excellentre- 


“CARBORUNDUM” and ““CARBOFRAX” are registered trade marks of, and indicate manufacture by, The Carborundum Company. 

























sistance to cracking and low spalling 
tendency of the “CARBOFRAX 
tile have made these results po: 
sible. Even the additional abus 
caused by crane-loading the car 
does not adversely affect the 
“CARBOFRAX” piers. 


Let our Refractories Engineer 
show you how Super Refractorie 
by “CARBORUNDUM” can boos 
your production and slash you 
operating costs. The Carborundus 
Company, Refractories Divisios 
Dept. M-8, Perth Amboy, N. J. 








Stxpen Refractoues Fy CARBORUNDUM 
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BRONZE 





ecognized advantages of Bunting Cast Bronze Bearings 
and Bars are maintained and increased by advanced metal- 
lurgy and manufacturing processes. These finer bronze bear- 
ings and bars are available in many different stock sizes from 
Authorized Bunting Distributors everywhere. Ask your Distrib- 
utor for Catalog giving complete listing. For Special bearings, 
to your own dimensions and alloys, write our factory direct. 
The Bunting Brass & Bronze Company, Toledo 9, Ohio. Branches 


in principal cities. 39 


BEARINGS w BUSHINGS PRECISION BRONZE 
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HE sound power telephone, an instru- 

ment requiring neither batteries nor out- 
side current for its operation, is one of the 
best of this war’s brain children. Material- 
wise, however, it is something of a prob- 
lem child. 


Action with planes and ships exposes it con- 
stantly to the evils of the elements. . . espe- 
cially corrosion. One of the largest manu- 
facturers of sound power telephones—RCA 
Victor Division of the Radio Corporation of 


America—uses Riv r AS for 
electrical contacts and springs, retaining spring 
for magnet and coil, switch blades and cable 
guard. Resistance to corrosion, electrical con: 
ductance, and ease of fabrication are good 
reasons why. 


Let us tell you more about Riverside Phosphor 
Bronze, and Nickel Silver and Beryllium Copper 
Riverside’s 3 principal alloys. Catalogs on 
each or all are yours for the asking. 


INSIDE RIVERSIDE — Recently we put to work in our mill the latest word in continuous strip 
strand-annealing furnaces. From it you can expect more uniformity of anneal, better surface con- 
dition and closer gauge tolerances. This is news. But it's no news that Riverside is always 
looking for technical improvements. Anything which promises improvement in quality or 
in casting, rolling, drawing, annealing or pickling methods will get an audition at Riverside. 


. 
“ ~~ 
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RIVERSIDE PHOSPHOR BRONZE ALLOYS —Copper-tin alloys 


to whch phosphorus is added. Made in variety of wrought 
ond malleable alloys; special leaded mixtures; in non- 
molleable cast and turned rods for bearings and bushings. 
PROPERTIES Wide range of tensile strengths and hard- 
nesses. In general, phosphor bronze is a good electrical 
conductor, non-magnetic, and has a low coefficient of fric- 
fion. It is easy to machine, can be welded by carbon or 
metal arc (there's a special alloy for flame welding), can 
be brazed or soldered. Easy to punch, draw, stamp, or 
spin. Phosphor bronze is rustless and resistant to corrosion, 
fotigue and wear. Supplied in sheets, strips, wire, rods, 
circles, bars, blanks or ingots. 









Typical Uses: Lock Washers 











RIVERSIDE NICKEL SILVER ALLOYS — a combination of 


copper, nickel and zinc in various proportions. Made in vari- 
ety of alloys, tempers, anneals; and in free-cutting alloys. 
PROPERTIES— Vary according to alloys. Tensile strengths up 
to 160,000 p.s.i., elongations up to 50%. Nickel silver is 
valued electrically for its spec fic resistance, and physically 
becouse of its clear-through silvery white appearance. In 
general, it is tough, resistont to wear, fatigue, and corro- 
sion. Easy to machine in any manner, weldable by all 
methods, con be brazed or soldered and is extremely 
workable. Readily formed, bent, drawn, stamped, punched, 
embossed or spun. Supplied in sheets, strips, wire, rods, 
circles, bars, blanks and ingots. 


¢ for 





pring 


-ableH® RIVERSIDE BERYLLIUM COPPER — an alloy with an unusual 


oe combination of properties — Unusually high strength. Ex- 
on cellent hardness, weor resistance and corrosion resistance. 

High thermal conductivity, good electrical conductivity. Easy 
sphor to braze, solder, punch, draw or stamp. Can be cold worked. 


oper Outstanding for hot working qualities. Can be easily hot 

'® forged or hot pressed between 1050° and 1425°F., and 
S O° heat hardened to achieve strengths rare to non-ferrous 
metals and alloys. Great resistance to fatigue under action, 
which is pronounced at high temperatures where other 
non-ferrous materials might fail. Negligible creep or 
hysterisis. Non-magnetic qualities. Supplied in sheets, strips, 
wire, rods, bars and blanks, usually, semi-hard, cold worked 
for fabrication and heat treatment. 












tH 
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HIGH-SPEED STEELS 


ROTARY-HEARTH FURNACE f 
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PIT FURNACE 
BOX FURNACE 
; 
ain 
. { 1. High-speed steels of all types—moly, tungsten, or cobalt-—can $ 
be heat-treated in G-E electric box furnaces without the formation 





of scale and with no decarburization. A typical installation con 


sists of a preheat and a high-heat furnace, as installed here in an 


ordnance plant. 


ELEVATOR FURNACE 
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CAR-BOTTOM § 


ROLLER-HEARTH FURNACE 


For Practically Every Industrial Need . . . Backed by a Nationwide Engineering S 
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2. When the two furnaces are installed in accordance 
h this recommended layout, the operator, by making 
easy pivot, can transfer work from the preheat 

furnace to the high-heat furnace without unnecessary 

steps. A water-quench tank can be located in front 

c 

{ 


the preheat furnace; an oil-quench tank, in front 
f the high-heat furnace. 





emma — 







- JA 

= aa ae 
x Epo? 
‘ ae 


4. This sturdy, slab-milling cutter of Bethlehem 
No. 66 high-speed steel was made to size before heat- 
treating. It was given a first preheat at 550 F in air, 
a second at 1550 F in drycolene, and a high heat at 
2250 F in drycolene plus propane. There was no 
decarb, and edges were file hard. 

























6. The cutting edge of the moly-cobalt, high-speed 
tool in this photomicrograph (X-500) clearly shows 
the absence of decarb and the uniform distribution of 
carbon particles. Because the hardness extends right 
to the surface, no finish-grinding is necessary. 





GENERAL &% 
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3. During the heat treatment of high-speed steel 
a protective atmosphere, free of carbon dioxide and 
water vapor, must be introduced into the furnace to 
prevent oxidation and decarburization of the steel! 
Such an atmosphere is created by the processing of 
standard fuel gases and air in this specially con- 
structed, 200-cfh, G-E drycolene producers 


5. In cutters such as these, of moly and cobalt 
high-speed steels, both sharp cutting edges and sharp 
corners must be maintained. After heat treatment 
in a G-E Type TG box furnace, in drycolene atmos 
phere, the cutters were free of scale and decarb; both 
cutting edges and corners were file hard 













H, E. LEWIS 
Industrial Heating 
Speciolist 


San Francisco Office 





7 : , 
/- To advise you on an industrial heating problem, 


G.E. maintains heating specialists in all principal 
cities, plus an engineering staff qualified to recom- 
mend the best type of equipment for your particular 
purpose. For detailed recommendations, consult your 
nearest G-E heating specialist, or write Apparatus 
Dept., General Electric Company, Schenectady, N. Y. 


ELECTRIC 








P.S. for 
ANNEALING 
CARBURIZING 
PICKLING 


Lower First and Last Costs 
Because of Lightweight 


P. S. Carburizing, Annealing and Pickling Equipment cost 
less to buy and less to operate. A quarter-century of progressiv¢g 
research by our engineers and metallurgists has resulted in light 
weight equipment of sturdy design and construction without sacri 
fice in the wanted qualities. 


The greatly decreased weight of P. S. Alloy Steel Products 
as compared to cast iron, is the factor that reduces both first cost 
and operating costs. 


If your present equipment is not functioning up to par, o 
you want a complete production check-up, you are invited t 
consult our plant analysts on your problems. 











A special Annealing 

and heat Treating Bas- 

Annealing Tubes 20 ft. long and ket for use in the avia 

made of lightweight alloy. Actual tion industry. Made to 

operating tests have proved their your order and in a 

life to be thirty times longer than style to suit your re- 
that of ordinary tubes. quirements. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


1915 Engineers Bldg., Chicago; 


Sterling Bldg D1 n, Texas! A M Accessories Ltd., 19 Melinda St., Toronto, 
‘ 7 c | - 


BRANCH OFFICES: 312 Curtis Bldg., Detroit; 5 Nicholas Bld 
51 E. 42nd St., New York; 1005 § 


: . , I : 
Canada: Broad St. Station Bldq., Ph Hill § 


PRESSED STEEI 
Boxes, Thermox 
Neck Rings 


Radient T 
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These are not an artis# conception of shapes that can be fabricated with a high- 
strength steel. They age actual parts produced with N-A-X High-Tensile by manu- 
facturers who havefiearned that great strength and exceptional formabdility are 
available in one grgat steel. @ If you have a problem that involves the fabrication 
of high-strength gfeel—if you have a product that could command the market if it 
were stronger, J/onger-lasting or lighter—consult Great Lakes Steel Corporation, 


GREAT LAKES STEEL 
Corporation 


N-A-X ALLOY DIVISION ¢ DETROIT 18, MICHIGAN 
UNIT OF NATIONAL STEEL CORPORATION 
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Hollow Cherry Rivets make good 
low-stress fasteners for this type of 
application. Note that rivet goes 
through only one side of tybe, 







G-15RB pneumatic Cherry Rivet gun is 

actuated by depressing trigger. Gun can 

be used ot any angle. Operctes on 
average shop cir pressure. 






There is a simple, quick way to do even the 
most difficult sheet metal fastening—use 
Cherry Blind Rivets. 

Installation of Cherry Rivets is a one-man 
process. There is no bucking. Access is neces- 
sary to only one side of any assembly. Installa- 
tion steps are few and simple. 

These easy-to-install rivets are upset with a 
controlled pulling action by small, lightweight 
Cherry Rivet pneumatic or hand guns. 

Cherry Rivets work successfully in difficult 
pliable or brittle materials, as well as in all 





CHERRY BLIND RIVETS 


Tubing to cast elbows, metal to tub- 
ing, are shown in this cross section 
of a typical sheet metal installation. 





CHERRY RIVETS. THEIR MANUFACTURE @ APPLICATION ARE COVERED BY U.S. PATENTS ISSUED © 









SHEET METAL 
FASTENING 


simplified 














G-35 Cherry Rivet gun operotes 

simply by squeezing handles to- 

gether. Pulling head is designed for 
easy access to difficult areas 
















olen 
ond 


eet: 


Pull -through 
Hollow 


Regular Hollow 






Self-plugging 





perc 
the 
Sal 
935, 





sheet metals. They hold securely on curvedo 





well as flat surfaces. 





Hard-to-control production variables or 





met by generous material thickness and hol 





size tolerances, unusual shank expansion 








In ¢ 
high clinching force. 
; n 
Cherry Rivets are made in several types me 
ides 





head styles, diameters, grip lengths on 
alloys. Their installed cost is not high. essu 







Pow 





For additional information, ask your 
nearest jobber for illustrated Manual 
D-45, or write Dept. A-194, Cherry 
Rivet Company, 231 Winston Street 


Los Angeles 13, California 
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LOS ANGELES 13, CALIFORNIA 
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alem "Engineered Heat" has solved many out- 
onding problems in heat treating aluminum 
eets, bars and tubes including car type furnace 
perations and the largest rotary forge furnace 
the world. 

Salem has used Spencer Turbos constantly since 
935, 

In one compact unit, the Spencer Turbo com- 


ines simplicity with unusual reliability, and pro- 


Mes a steady flow of clean air with a constant 


essure, 


Power varies with the load and efficiencies are 


LEM ENGINEERING ( OMPANY 


res k Mc Hie: 
SPENCER 





high at all loads, resulting in extremely high over 
all efficiencies under fluctuating service demands. 

Maintenance records show that batteries of 
Spencers operate for years at a cost of one dollar 
per machine per year for repair parts. Many of 
the Spencers built a quarter of a century ago are 
giving satisfactory service today maintaining their 
original test efficiencies. 

Special Spencer Bulletins are available as fol- 
lows: Data, No. 107, Gas Boosters, No. 109, Four 
Bearing, No. 110, Blast Gates, No. 122, Foundries, 
No. 112 and the General Bulletin is No. 126. 


HE SPENCER TURBINE COMPANY + HARTFORD 6, CONN. 


PENCER TJRBO-COMPRESSORS 
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FROM LIFE SAVERS 


Stokes serves Industry in a variety of ways. 

It is our good fortune to have grown up with the machine age, 
assisting in some measure in the industrial development of America 
during the past half century. 

Over the years we have had the privilege of working with some of 
the country’s foremost scientists, engineers and manufacturers in 
developing new and better products and production methods. We 
have contributed our own skills in engineering original equipment. 
Stokes engineers pioneered equipment for making the popular 
“candy mint with a hole in it’ —a development which demon- 
strated it was practical to make cored pieces on a Tablet Machine, 
and led to production by modern powder metallurgy of porous 
bearings, iron gears, cams, piston rings, and countless other vital 
needs of industry. 

We, likewise, pioneered new high vacuum processing methods and 
equipment to make available absolute pressures within the micron 
and submicron range. Evaporation of metals and metallic salts, and 
impregnation of light metals are important recent applications of 
this process. In other fields, too, Stokes equipment is well known 
and widely used . . . for molding thermo-setting plastics, for 
manufacturing pharmaceuticals, in the field of electronics, nuclear 
physics and other industries. 

It shall be our continuing endeavor to serve Industry well. We 
look toward the future with hope of rendering even greater service 
in the years to come. F, J. STOKES MACHINE CO., 6006 Tabor 
Road, Phila. 20, Pa. 








Pioneering in Automatic Compression Molding 
of Plastics, Powder Metals Compacting, Dry-Pressed Cera 
mics, High Vacuum Processing, Desiccation from the Frozen Stite, 
Water Distillation, Pharmaceutical Technique and Equipment. 
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Specialists in engineering, 
Production, and finishing 
of copper-base alloy parts, 


give you controlled quality 
and uniformity... eliminating 
costly production losses 


In resistance welding, lack of uniformity in electrodes and wheels means “time out” 
to adjust current, time, and pressure settings—resulting in costly production losses 


At Ampco, control of quality and uniformity — both absolutely necessary in 
this exacting field — are kept under close supe rvision of laboratory technicians 
throughout the entire production cycle, resulting in increased productive time 


Ampco resistance welding products comply with all RWMA specifications 
Included in the line are spot welding electrodes; seam welding wheels; centrifu 
gally cast seam welder bushings; seam welder shafts; flash and projection welder 
dies; extruded and drawn rounds; and many others, 


To reduce your welding costs, standardize on Ampco's line of resistance weld 
ing electrodes, You are assured of all-important uniformity . . . consistently, You 
cut “down-time” to a minimum , , . you speed production — and, finally, you 
get more service from each electrode. Complete details are given in Bulletin 68, 
Write for your copy. Your request will receive prompt attention, 


AMPCO METAL, INC., Department MP-12, MILWAUKEE 4, WISCONSIN 
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WHEN YOU 


CALL SALEM 


ABOUT HEATING FURNACES 







STEP 5S 


...YOU FLASH THE GREEN LIGHT 






On new heating furnaces or related equipment, 
Salem engineers work closely with you and your staff. 

After preliminary spade work, a Salem heating en- 
- checks over final plans and drawings with you. 

efore you give us the green light for construction, 

you have the opportunity of analyzing all details of 
the installation in light of your production. Thus you 
assure yourself of maximum efficiency in the proposed 
installation. 

The detailed preliminary planning embraces exchange 
of ideas between you and Salem’s heating men, prep- 
aration of visual roughs, testing, and the incorporation 
of new innovations you want for lowest cost operation. 

Production efficiency, as you well know, depends 
upon thoroughness of planning and workmanship. 
Salem’s step by step planning gives you the kind of 
heating installation you want for competitive pro- 
duction. 

CALL SALEM, originators of Engineered Heat and 
builders of the world’s largest rotary forge furnace, for 
any type, size, or style of heating furnace or related 
equipment. 


SALEM Fagineoed He 


ENGINEERING COMPANY ™ 
SALEM, OHIO 
































NOTE: Write for Salem’s new 16-page, illustrated 
booklet—“Engineered Heat,” complete with easy-to 
use heating and temperature charts. 


















New 
Descriptive 
Bulletin Available 
on Request 
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ANOTHER 





WiLCco DEVELOPMENT 


Wilcoloy 


(SINTERED POWDER METAL CONTACTS) 





WILCOLOY offers Longer Contact Life . . . Greate, 
Resistance to Interrupting Loads, and many other 
advantages for high current applications. 


PROPERTIES AND CHARACTERISTICS—WILCoLo) 
Silver Tungsten, Copper Tungsten, Silver Graphite, Silver 
Molybdenum and other WILCOLOY contact materiak 
assure a degree of longevity, and thermal and electrica 
properties not possible to materials previously used in 
applications subject to severe current interruptions. 


These Sintered Powder Metal Contacts offer a choice of 
properties including ductility, hardness, density, freedom 
from sticking, low metal transfer, high conductivity and are- 
resistance. They perform uniformly and dependably in 
heavy duty circuit breakers, both air and oil relays, aircraft 
units, motor brushes, commutator segments, fuse replace- 
ment units and other specialized applications. 


CONSULT OUR ENGINEERING DEPARTMENT— 


Write our Engineering Department for help in developing 
the proper application of WILCO materials to your products. 


SEND FOR WILCO BLUE BOOK—The Blue Boo 
contains descriptions of most WILCOLOY Sintered Powder 
Metal Contacts and other WILCO products. Send fe 
FREE copy today. 


WILCO PRODUCTS INCLUDE: 


CONTACTS— PRECVOUS METAL COLLECTOR 
RINGS— 


Silver 
For rotating controls 


Platinum 
Tungsten SILVER CLAD STEEL— 


Alloys . JACKETED WIRE— 
Sintered Powder Metal Silver on Steel, Copper 


THERMOSTATIC BIMETAL— Invar or other combinations 
requested. 


All Temperature ranges, 
deflection rates and electrical ROLLED GOLD PLATE 


resistivities. SPECIAL MATERIALS 


THE H. A. WILSON COMPAN! 


105 Chestnut Street, Newark 5, N. J. 
Branch Offices: Chicago + Detroit + Los Angeles 


SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF THERMOMETAD 
ELECTRICAL CONTACTS + PRECIOUS METAL BIMETALLIC PRODUCTS 
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Streamlined for Action! 


na 

Fire engines of the future, so designers tell us, willbe 
ultra-modern in design and efficiency, incorporating 
many new features. Aluminum and magnesium will 
play a vital part in many of the post-war designs now 
on drawing boards throughout America. Their use 
eliminates weight—reduces operating costs—and adds 
greatly to eye and sales appeal. If your product now 
uses—or can use—these versatile light alloys, the Bohan 
Engineering staff would like to discuss with you their 
many outstanding advantages. 

BOHN ALUMINUM AND BRASS CORPORATION 
GENERAL OFFICES—LAFAYETTE BUILDING + DETROIT 26, MICHIGAN 
Designers and Fabricators 
ALUMINUM + MAGNESIUM © BRASS + AIRCRAFT-TYPE BEARINGS 
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MOLYBDENUM-TUNGSTEN HIGH SPEED STEEL 


is available from the mills listed below. Each brand name repre- 
sents a steel that is made according to a genuine MO-MAX formula. 


ALLEGHENY LUDLUM STEEL CORP... “LMW” HALCOMB STEEL COMPANY “REX T-MO” 
ATLAS STEELS, LIMITED ““MOHICAN”’ JESSOP STEEL COMPANY “MOGUL” 
BETHLEHEM STEEL COMPANY “BETHLEHEM HM” LATROBE ELECTRIC STEEL COMPANY... . “TATMO” 
BRAEBURN ALLOY STEEL CORPORATION . ““MO-CUT”’ 
CARPENTER STEEL COMPANY “STAR MAX” 


COLUMBIA TOOL STEEL COMPANY . . ““MOLITE M-1” a eae oy SE 
CRUCIBLE STEEL CO. OF AMERICA . . “REX T-MO” UNIVERSAL-CYCLOPS STEEL CORP “MO -TUNG”’ 


HENRY DISSTON & SONS, INC ““DI-MOL”’ VANADIUM-ALLOYS STEEL COMPANY .. . ‘’8-N-2° 
FIRTH-STERLING STEEL COMPANY . . . “HI-MO” VULCAN CRUCIBLE STEEL COMPANY... . ““VUL-MO”’ 


ST. LAWRENCE ALLOYS, INC. .... 


OR THE FULL STORY ON MO-MAX high speed 
steels—their physical properties, their advantages, 
and how to heat treat them—write today for the new, 


revised MO-MAX Handbook. 


* . * 


THE CLEVELAND TWIST DRILL COMPANY « 1242 East 49th Street + Cleveland 14, Ohie 
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The Upton Speed- 


Quench Furnace sup- 
plies the two essen- 
tials for quenching: 


@ Rapid heat dissi- 

pation. 

@ Vigorous agitation 

of molten salt. 

The Upton Speed- 

Quench Furnace is 

built with a series of 

step-backs. The re- 

sulting surface area 

allows heat radiation 
at a rate far in excess of the rate 
that heat is brought into the bath 
by the work. 

To provide a balance of heat and 
thus keep the heat at the proper 
quenching temperature, electrodes 
put additional heat into the furnace 
at the bottom of the pot. The 
amount of heat to be added is rela- 
tively high because of the excep- 
tionally high rate of heat dissipation. 
The result: 

A vigorous, continuous surge of 
molten salt throughout the entire 
bath. 

Work that is quenched by this 
flow comes out of the bath uniform 
and without quench defects. 

We can build Upton Furnaces to 
heat-treat your work. 


5 








ZELS 
ESTED 


F YNCE 1891 










STEEL 


Prepare for increased production and profits by standardizing on ULTRA 
CUT Bessemer Screw Stock. Its amazing production record on high-speed 
automatics makes it the all-time choice of industry. Use this econom) 
screw stock for fabricating quality machine parts . . . and win new prestige 


for your products. 


SS & LAUGHLIN, INC. 


HARVEY, ILL. g BUFFALO, N. Y. ° Gilden, ied 
Sales Offices in all Principal Cities 
FINISHED STEEL AND 
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SHAFTING 





COLD 








wit 


Thin case contour hardening of gear teeth with controlled depth of 
hardness has been made possible by the use of MEGATHERM in. 


duction heat. 


The hardened surface completely follows the tooth and root contour 
of the gear with the core still in its original state, as shown plainly by 
this microphotograph. This 0.005 case was ap plied to gears of 24 D. P. 
—51 teeth —2.125 b D.— 2.208 O. D. and S.A.E. 4140 steel in 1/4 of 
1 second with a 25 KW MEGATHERM—5 megacycle energy doing 
the job. 


These long wearing contour hardened gears become 
an automatic production item with MEGATHERM. 


Write today on your company letterhead for data on 


MEGATHERM. 


EG. U. S. PAT OFF. 
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Revised Data for Water Hardening Tool Steels including types, 
analyses, uses, hardening characteristics and temperature ranges 
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COLUMBIA TOOL STEEL COMPANY 














Branches and Warehouses .. . 
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Colmonoy is combined with the parent 
metal of the links by electric arc-welding. 


, eR, wh 


@ The “Hellcat” is a tank destroyer of exceptional maneuver- 
ability. It has a speed of up to 55 miles an hour, and carries 
a 76-millimeter gun of high velocity and destructive fire power. 


The “Hellcat was designed and manufactured by Buick 
Motor Division of General Motors Corporation. 
The carbon steel forged track was one reason for the 


tremendous success of this weapon in the European theater 
of operations. 


Track design, a new type of suspension 
and long service life made this track outstanding. 

And about six square inches of Colmonoy per link, from 
Vie” to Ye" thick, was a big factor in the long life of the track 
There are three deposits of Colmonoy on each link, 
Colmonoy Sweat-On Paste is applied with a putty knife, 
through openings in a template, and arc-welded. The 
fused layer of Colmonoy hard-facing extends about 
Y_" into the forging, and has a hardness of 65 Rockwell 
C, providing increased resistance to impact and abrasion, 
making each link practically wec*proof. 

Colmonoy Hard-Facing Alloys are available in many 


grades. Our catalog gives full information. Write for it. 
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GOVERNMENT SURPLUS 


MACHINE TOOLS and PRODUCTION 
EQUIPMENT 


CAN HELP YOU RECONVERT! 


Government-owned Machine Tools and _ turn them over to private industry, where 


Industrial Equipment are available now  they’Il do the greatest good for the most 
to help industry shoulder the reconver- 


people in the shortest time. 
sion load. 


Therefore, in order to speed reconver- 
It is the responsibility of the Recon- sion by getting this equipment into the 
struction Finance Corporation to dispose hands of skilled craftsmen, faster . . 


. we 
of these surpluses as soon as possible—to 


ask you to follow this simple procedure: 


@ Submit in writing your requirements for machine tools and industrial 


equipment to us now. 


© Send a typewritten list to your nearest R.F.C. Regional Office listed below, 


© Make your descriptions brief, one line if possible, clearly grouping 


various types of equipment you need. 


BEARCHINING RATES OF STAINLESS STEELS 


The supply of surplus tools is sufficient to the country. 

meet all of the needs of industry, and in First step in creating jobs is getting 
the event that your local R.F.C. Regional machines in motion faster. 

Office cannot fill your specific require- 





The 31 strategically located agencies 


below are ready to make your reconver- 
equipment from other offices throughout sion problems easier. 


ments, it will endeavor to locate needed 


CONSTRUCTION JcINANCE GORPORATION 


A DISPOSAL AGENCY DESIGNATED BY THE SURPLUS PROPERTY ADMINISTRATION 


Agencies located at: Atlanta + Birmingham + Boston + Charlotte + Chicago + Cleveland + Dallas + Denver 
Detroit + Helena + Houston + Jacksonville + Kansas City, Mo. «+ Little Rock + Los Angeles + Lovisville 
Minneapolis + Nashville + New Orleans + New York Oklahoma City +* Omaha + Philadelphia 
Portland, Ore. + Richmond «+ St. Lovis * Salt Lake City * San Antonio * San Francisco * Seattle + Spokane 
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Here’s another Frasse help for stainless 
steel users: a table of recommended machining 
rates for 18 stainless types...for 10 separate 
operations ... with specific tooling data — all 

& condensed in one easy-to-use, quick reference 


u " chart! 
STAINLESS This new Frasse chart shows for each stain- 


less grade, recommended rates for turning, 


MACHINING RATES threading, milling, tapping and drilling...with 


high-speed, cast alloy or carbide type toolings. 

AT YOUR FINGERTIPS Turning rates are detailed to cover automatic, 

heavy duty spindle, turret and Swiss-type lathes. 

te, And, to add to the chart’s usefulness, a SFM 
at hear | to RPM conversion table is included. 

If you use or contemplate 
using stainless, you'll find this 
new chart...like Frasse inven- 
tories and technical counsel... 
unusually helpful in your plan- 
ning, production or purchasing. 
Send for your free copy today. 








Peter A. Frasse and Co., Inc., 
17 Grand Street, New York 13, 
N. Y. {Walker 5-2200} « 3911 
oie Ze | \ Wissahickon Ave., Philadelphia 
ects NSE FEET PER MOTE TR RSI | 29, Pa. {Radcliff 7100- Park 5541) 
= soll val hak Ae 50 Exchange St., Buffalo 3, N.Y. 
{Washington 2000} « Jersey City, 
Hartford, Rochester, Syracuse, 

Baltimore. 





b 
| 
~ 
bd | 
= 


, 


MACHINING 











ECHANICAL ANO 


Peter A. Frasse & Co., Inc. 
17 Grand Street, New York 13, N. Y. 

Please send me, without obligation, a copy of your new 
data chart Sec. A, No. 5—‘Machining Rates of Stainless Steels’ 


5 
\CAL AND AIRCRAFT TEL —_— 


Firm 


soe 


Alloy, Stainless, and Cold Finished Carbon Steels Address 
Bars, Sheets, Tube, Strip and Wire 
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about the zez 
for Vitreous 


ABORATORY-TESTED — followed in steel making, tional cover coats may b 


and plant-proved are pickling and enameling. applied directly. Sagging 


ais 


rt 


the advantages of this zew is minimized, and hydro 


' 
{ 


By removing source of 
Titanium steel to manu- reboil in the stock, large &¢€n penetration 1s sharpii@hat 
facturers of vitreous en- cost reductions are possi- reduced. tee 
amel products, when ble. Ground coat can be Lighter weights of enameffMar 


recommended practice is eliminated and conven- are possible, yielding tec 





THE TITANIUM ALLO YM 
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ucts may obtain complete 


technical data from a 


member of our lechnical 





Staff. Consult your steel 
supplier for deliveries. 
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Executive Offic es: 
111 Broapway, New York, N. Y. 


General Offices and Works: 
Niacara Fats, N. Y. 


YMANUFACTURING COMPANY 
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These bronze parts, a stern tube bushing 
assembly, typical of thousands of preci- 
sion tubular parts produced for the 
Government's war needs, as well as for 
the textile industry, were cast centri- 
fugally and then finished in Shenango- 
Penn's own modern machine shops. 


Free bulletin 143 is 
yours for the asking. 


N finishing large rolls and other important 

precision parts for engines, machinery or 
drives, it’s costly business to spend man and 
machine hours only to turn up hidden defects 
in metallic structure. And, often enough, it's 
even more costly when such defects stay hid- 
den until trouble develops in service. 


The best way to lessen such risks, to lower 
your ultimate cost, is to specify Shenango- 
Penn centrifugal castings for all tubular or 
circular parts. You'll find them free from 
porosity, blowholes, sand inclusions or other 
structural weaknesses. They have greater 
density and higher tensile strength than other 
castings of the same analysis. 

Shenango-Penn will supply rough castings 
or, if you prefer, deliver finished parts expertly 
machined to close tolerances im our own 
modern, completely equipped machine shops. 
In either case you gain lower production 
and a more dependable, more durable produ 

Write for bulletin 143 which gives comy 
information about Shenango-Penn centrifugal 
castings, including chemical and physical 
analyses and specifications of various al 
available. 

SHENANGO-PENN MOLD COMPANY 


1659 WEST THIRD STREET © DOVER, OHIO 
Executive Offices: Pittsburgh, Pa. 


ALL BRONZES » MONEL 
METAL - ALLOY IRONS 


Metal Progress; Page 1264 





armor’ for steel can 
ca millions each year? 


EAR AFTER YEAR—in war or peace—America 
pays a colossal toll in dollars to a foe as unre- 


lenting as any ever known. 
It is the enemy rust, that attacks and destroys 
things made of steel. But now a remarkable new dis- 
covery can bring you steel products that will defy 
rust up to 4 times longer . . . Hardware, screens, 
fencing, automobiles, tractors, dozens of important 
items that will outlast any you’ve ever owned by as 


much as 4 to 1! 

This remarkable discovery is CORRONIZING, the 
patented alloy “armor” that gives steel a new 
lease on life. Yes, CORRONIZING is new... but 
also thoroughly tested and proved. For CORRO- 
NIZING has demonstrated its overwhelming superi- 
ority in the war, under the worst possible conditions 


on land, at sea and in the air. 

By test and performance, CORRONIZING FAR 
OUTLASTS OTHER PROTECTIVE COATINGS FOR 
STEEL. Now, the more progressive factories and 
retailers will be able to bring you products made 
of “‘Corronized”’ steel. Motor car makers—always 
leaders—will be among the first to offer you this 


sensational advantage. 
Remember that name—CORRONIZING. It can 
save you and millions of other Americans a huge 


tax bill now needlessly paid to the enemy rust. 


Standard Steel Spring Co. 


ORIGINATORS OF 


CORRONIZING 


~~ 


hog ©, ~~. 


, 


 PORRONIZE 


Quick Facts for For Enduring 
. Protection 


Manufacturing and Sales Executives 
| Against Rust és 


Do not confuse CORRONIZING with other metal coatings 
af 


Se CAE ae = 
_ = I ate, = 


aE: 


~ 


This patented process provides a permanent alloy “armor’ 


with 5 layers of defense against corrosion! It becomes part 
al be 


can be worked in any manner. Permits 
\ 0 ee 
+ hai 7 


i» 
f 


of the steel base .. . 
using lighter materials by prolonging steel’s period of great- 


est strength. Write for samples and complete information. 
STANDARD STEEL SPRING COMPANY ee ; 
CORAOPOLIS, PENNSYLVANIA 5 Se ee 
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THE UNITED 


Sil 


COMPAMIES LTD 


Painting by Dorts Zits sen 


This Present Age . . 7 


It is no new thought that security and 
freedom from want in old age should 
be the concern of established industry. 
As long ago as 1882 the Samuel Fox 
Stocksbridge Benet Fund was founded 
to provide for retired employees. This 
fund continues to-day as'do provisions 
at other branches. With time it 
became desirable to adopt more liberal 
policies. In 1935 and 1936 four 
voluntary contributory pension schemes 
were launched to cover the administra- 
tive and office staffs, establishment 
personnel, foremen and all other 
workers. They formed the largest 
comprehensive project of its kind ever 
established, and, so far, the only one 
within the industry incorporating all 
the workpeople. The schemes are 


generous in their scope and impose a 
heavy annual liability on the company, 
to which ts now added the responsibility 
for the contributions of its 56,072 
employees serving in H.M. Forces. 
These insurances are an instance of the 
initiative of enlightened management in 
social reform, and are tangible proof 
that this organisation has a sincere and 
profound appreciation of human needs 
and aspirations. The community 
depends on steel to satisfy its 
necessities and provide its amenities, 
Thus it is of national interest 
that the development and economic 
stability of the industry should 
provide steady employment and social 
security for the company’s employees. 


THE UNITED STEEL COMPANIES LIMITED 


17> 


WESTBOURNE 


STEEL, PEECH & TOZER, SHEFFIELD APPLEBY-FRODINGHAM STEEL 


SAMUEL FOX & CO. LTD., SHEFFIELD WORKINGTON IRON & 


UNITED STRIP & BAR MILLS, SHEFFIELD UNITED COKE & CHEMICALS 


ROAD - SHEFFIELD 


co. LTD SCUNTHORPE THE ROTHERVALE COLLIERIES, T 


co WORKINGTON THE SHEFFIELD COAL CO.LTD., T 


CO. LTD., CUMBERLAND THOS. BUTLIN & CO., WELLINGBC 


@® vU: 


Metal Progress; Page 1266 





~% 
4 7 5 


“i [Refractory Rollet Hearth 


FF ge Rene: 


a 


Creative heat engineering has developed a refractory burner tube and 
furnace roller hearth that promise increased furnace efficiency, higher 
temperatures and reduced maintenance. 


NER | 
The perfection of gas-tight tubes, patents applied for, of high temper- 
ature refractory, now provides an improved luminous flame burner 


tube 


In the view above, with burners at either end of the tubes, the furnace 
is provided with all the advantages which would be expected from a 
good high temperature refractory, such as resistance to spalling, chem- 
ical inertness, and long life. Such refractory burner tubes are advan- 
tageous in heating the work apart from products of combustion in con- 
trolled atmospheres to temperatures as high as 2500° F. 


4 7 Det & Dp : . 


- “ ' w & » & n 
fractory roller, patents applied for, stands high temperatures, 
es extended life and service, and reduces heat loss to a practical 
im with an increase in furnace capacity by withstanding 


ed hearth loads. 
Refractory Roller consists essentially of a tube of silicon carbide 
rted concentrically upon a hollow steel shaft by high temperature 
ting refractory. Sizes are engineered to load and temperatures 


up to 2500° F. The hollow steel shaft is water 
cooled. In a seven months’ test in a furnace 
annealing stainless steel, the rollers gave continu 
ous service and were in as good condition as when 
installed. 


Complete facts on these radiant burner tubes and rollers and 
engineering information on standard and special furnaces 
equipped with these new developments will be furnished 
promptly. The engineering staff of this company has an ex 
perienced background in the efficient use of gas heat and is at 
your service today to work withou on your heating problems 


Write or wire for completegnigrma tion 
> 


MACHINERY 


16100 WATERLOO ROAD 
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ELECTRIC 
FURNACE COVER 


INCONEL INNER HOOD 
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POWDERED INSULATION- 





INSULATING BLOCK 





INCONEL SEPARATOR RING 
POWDERED METAL CAKE 
STEEL CLUTCH Disc 


POWDERED METAL CAKE 


INCONEL SEPARATOR RING 


Not drawn to scale 


| SCHEMATIC DIAGRAM 











At the S. K. Wellman Company, powdered 
metal facings are bonded to steel clutch discs 
and steel brakes. 

In this operation, packs of powdered metal 
cakes and their steel bases are kept separated 
by metal rings. Such rings: 


. . must not warp or expand excessive- 
ly at 1400°-1900 F., if the powdered 
metal surfaces areto remain undistorted 


.. must not adhere to the powdered 
metal surface, but make a clean separa- 
tion between each pack 


.. mustremain unaffected by the gases 
generated during the bonding process 


... Must cause no contamination of the 
powdered metal surface due to scaling, 
corroding or oxidizing 


Steel separator rings were tried first. But they 
warped so badly that frequent replacements 


were necessary. Mereover, to prevent sticking, 
they had to be coated with graphite six times 
a day. 

Excessive warping and sticking also resulted 
when various types of heat-resisting alloys were 
used. 

Finally, Inconel separator rings were tried. 

That ended the problem! 

Inconel rings are easily stamped from sheet. 
They require a graphite coating only once every 
three weeks. 

With Inconel rings, no distortion harms the 
sintered surface. Separation is clean. And, equal- 
ly important, the Inconel rings remain true and 
usable over and over without replacement. 

The great thermal endurance of Inconel also 
makes it the choice for the inner hood between 
the heating elements and the charge. 

The International Nickel Company, Inc., 
67 Wall Street, New York 5, N. Y. 


NICKEL 4X, ALLOYS 


MONEL* - “K” MONEL* - “S” MONEL* - “R” MONEL* - “KR” MONEL* - INCONEL* - NICKEL - “L” NICKEL* - “2” NICKEL’ 
Sheet... Strip...Rod...Tubing...Wire...Castings...Welding Rods (Gas & Electric) 


Reg. U.S. Pat. OF 
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RO LLL Lc 
| Warehouses / ‘cre rare 


LATROBE, HARTFORD 


LATROBE 





Daewendable Metallurgical 


* High Speed Steels S. ‘ 
Latrobe service men are always glod 
* Die Steels ICE to render personal counsel on your 
particular problems. 
* Tool Steels 


* Stainless 
* Red Arrow 


Cast Alloy for Metal- 
Cutting Tools 


—~ Lit OOE ELECTRIC STEEL COMPANY 


MAIN OFFICES and PLANT ee LATROBE: PENNSYLVANIA 


December, 1945; Page 1269 














" 























v 
-0 
% 
‘i 
.250 
> 
it 
.297 r 
, T 
i 
1875 








THE CARPENTER STEEL COMPANY, 133 W. Bern Street, Reading, Pa. 
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To Get High Precision Parts 


‘| with Fewer Rejects 
it AN 





>, 


. « - use the Stainless that met exacting 





Norden bombsight requirements 


@ If ever a job called for close tolerances, plus product 
dependability, it was this famous bombsight. 


The requirements were tough. For instance, one small piece 
—the heart and nerve center of the bombsight—was held 
to a tolerance of +.0001’’. The part contained less than l¢ 
worth of steel, yet was listed as an $8 cost item. Stainless 
was a ‘must’’ for this and many other vital parts, because 
corrosion resistance, wear resistance and a high strength 

weight ratio were necessary. 


Why Carpenter Free-Machining Stainless was first choice 
for these bombsight parts is a story that can now be told 


You can sum it up in one word— ‘‘dependability’’. Said one 
of the factory superintendents: ‘Experience with material 
obtained from other sources has convinced me that we have 
less rejections, better machining time, less trouble in 
straightening, and better too! life with Carpenter Stain- 
less No. 5 bar stock.”’ 


Your own precision requirements may be less severe, but 
you will benefit by the consistent, money-saving uniformity 
of Carpenter Free-Machining Stainless. Made to tool steel 
standards in a tool steel mill, Carpenter Stainless guaran- 
tees top-flight performance. 


Try Carpenter Free-Machining Stainless Steels and see what 
a difference they make in your production set-up. Your 
nearby Carpenter representative will gladly help you in 
solving your Stainless problems. Call him or write us at the mill 


“Canpenter STAINLESS STEELS 


Hartford. India 





BRANCHES AT Chicago, Cir 
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Our metallurgical engineers will be 
glad to discuss your production 


pre »blems with you. 


JONES & LAUGHLIN 
STEEL CORPORATION 


PITTSBURGH 30, PENNSYLVANIA 





SPECIAL | 


COLD DRAWN SHAPES 
SAVE MACHINING 
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BAR OF WHAT? 









th ADVANTAGE.. 


TAL! 






MAGINE! —1500 steel ay. 2 graphite stool inserts in one plant 
without any stickers! Thaf’s because molten metals simply do not 
stick to carbon or graphite! 

This eighth advantage of Novioner carbon or graphite is only one of 
many responsible for the gdoption of these materials by the metal-work- 
ing industries, in the forgh of stool inserts, mold plugs, molds, mold wash 
(graphite powder), runéut troughs, and furnace linings. Another advan 
tageous feature in run4ut troughs and furnace linings: the carbon blocks 
are unaffected by the*most corrosive slags. 

You are invited to get the full story .. . from our nearest Division 
Office ...on carhpn’s, or graphite’s, truly remarkable combination of 
properties, whemter in the ordinary, porous, or impervious forms. 

. 


*Chemical Engineers Please Note 


Ot pardllel importance to the chemical industries are other advan 
tages Of “National” carbon and graphite and “Karbate” impervious 
mateéfials. They are resistant to the corrosive action of most acids, al 
kaMes, and solvents, and they do not contaminate solutions 


The wogfs National” and ““Karbate”™ are registered trade-marks of National Carbon Company, Inc 


° 
* NATIONAL CARBON COMPANY, INC. 


Unit of Union Carbide and Carbon Corporation 
General Offices: 30 East 42nd Street, New York 17, N. Y. 


Division Sales Offices: Adanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


f 
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Fighting its way upward, the South’s dollar income 
has not only doubled in the past few years but it has 
increased proportionately more than the income 
for the country as a whole! 


For those who manufacture and sell, this fact 
alone spells opportunity. It means greater pur- 
chasing power . . . a ready market for more and 
better merchandise of every description. 


But this is only one of many factors that account 
for the astounding progress of the Southern region. 
Long a contender for top-flight honors, World 
War II kindled the vital spark that has, according 
to Dr. Wilfred White, of the Bureau of Foreign & 
Domestic Commerce, “Stepped up the South’s man- 
agement know-how, skills, plants and equipment.” 
The South is, he adds, “a number one frontier.” 


With its unexcelled advantages of abundant raw 
materials and intelligent, native-born workers . . . 
its low-cost electric power and adequate transpor- 
tation facilities, the South has everything! That's 
why wise industrialists are choosing the South. 

If your objective is lower manufacturing and 


distribution costs increased volume and con- 


THE NASHVILLE, 


CHATTANOOGA & ST. 


MEET THE 
NEW 








it will pay you to take 
. Land 


sequently greater profits 
a close look at N. C. & St. L. territory .. 
of Industrial Opportunity. For details, consult: 
J. A. Senter, General Development Agent, N. C. 
& St. L. Railway, Nashville 3, Tennessee. 

















LOUIS RAILWAY 


BUY AND KEEP VICTORY BONDS 
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PAYING DIVIDENDS in Evaluation 
of Optimum Die Temperatures 


Satisfactory production of die castings lepends 
greatly upon the operating temperature of the dic 
Castings made in a cold die are usually more porous 
than those made at higher temperatures. An accurate 


record of the internal casting structure may | 





by radiography. Castings selected and radi erat 


at various die tem] peratures, rapt lly determine th« : 
minimum die temperature at which sound castings 
can be produced. 


When the most satisfactory conditions are obtains 
and production of castings initiated, it is not safe to 
assume that ideal castings will be pr duced at all 
times during this run. Instruments, dic setups, ct cetera, 
may vary—resulting in changes of metal tempera- 
tures. Radiographs of production samples, selected at 


intervals, will check the consistency and quality of 


the castings produced 
An x-ray ‘‘spot-checking’’ will insure against the 
-production of large quantities of Castings which may 


have to be scrapped. 





INDUSTRIAL X-RAY 
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Abrasive Cut-off Machine, Model No. 1000, 
is a solidly built, heavy duty piece of equip- 
ment free from sideplay or vibration with 
capacity for cutting specimen sections up to 
3-1/2”. Cutting is done on the front of the 
wheel and is controlled by a convenient out- 
side lever. The driving motor is a totally en 
closed ball bearing, 4 hp. with a separate 
motor driving the self-contained cooling sys 
tem. Overall dimensions of cabinet 31” x 


47” x 64”. Shipping weight, 1400 Ibs. 


Heavy Duty Wet 
Power Grinder No. 
1215, for coarse 
and medium coarse 
grinding. The en- 
tire surface of the 
12” wheel is ex- 
posed for grinding; 
thus providing a 
wide range of 
grinding speeds. A 
self - contained re- 
circulating cooling 
system supplies a 
soluble oil coolant 
independently to 
each wheel. A fea- 
ture of this ma- 
chine is its freedom 
from vibration. 
Shipping weight, 
435 Ibs. 


Hand Grinder No. 1410 is a most conven- 
iently arranged two stage grinder. The grind- 
ing surfaces are 4-1/2” x 12-1/4” each with 
heavy 7/16” thick plate glass back. A reserve 
roll of 150 feet of emery paper is contained 
in drums for quick renewal of grinding sur- 
face. Base has gutter drains for surplus liquid 
in wet grinding operations. Shipping weight, 
95 Ibs. 


PECIMEN PREPARATION 
FOR THE METALLURGI 


ed from the comp 
g and finishin 


SUPPLIES 


The items illus 
t, tools and acces 


trated are select 


men 


Model No. 1010, a 1 hp. Cut-off Machine 
with cutting wheel mounted directly on mo- 
tor shaft. Motor is ball bearing completely 
enclosed with sufficient power for fast cut- 
ting of samples up to |” diameter. Overall 
dimensions 24” x 28” x 50 Shipping 
weight, 575 Ibs. 





Wet Power Grinder No. 1210, powered with 
a 3/4 hp. totally enclosed ball bearing motor 
has two 12” water cooled wheels fitted with 
closed-in guards and non-shatterable shields. 
Suitable for coarse and medium grinding. 
Shipping weight, 310 Ibs. 


Standard Pol- 

isher No. 1500. A 

complete unit 

with direct 

mounted 1/4 hp. 

radial thrust ball 

bearing motor. 

The 8” polishing 

disc is attached to 

a tapered arbor 

on the motor 

shaft by means 

of a stout sleeve. 

This sturdy con- 

struction and un- 

usually smooth 

vibrationless op- 

eration helps to 

prevent pitting 

and amorphous 

film in polishing. 

The removable splash ring forms a conven- 
ient hand rest that aids the operator in pre- 
cision work. A handy control lever on the 
mounted switch gives selective speeds of 575 
and 1150 r.p.m. Shipping weight, 100 Ibs. 


and supplies tor 


sories for moldin 


EQUIPMENT AND 
CAL LABORATORY 


lete Buehler line of equip- 
g specimen mounts, 


Specimen Mount 
Press No. 1315 
has complete ac 
cessibility, no 
enclosed parts. 
Smooth per- 
formance per- 
mits speed and 
accuracy in 
operation. Solid 
heater can be 
raised and the 
cooling blocks 
swing into posi- 
tion without re- 
leasing pressure 
on the mold. 
This rapid cool- 
ing permits pro 
duction of trans- 
optic mounts in 
a few minutes. 
Shipping weight, 
100 Ibs. 


Emery Paper Disc Grinder No. 1400, moror 
shaft is extended to provide four grinding 
surfaces for four grades of emery paper 
Emery paper discs 8” diameter are held in 
place by a convenient two-piece clamp 
Motor is 1/3 hp. with two speeds, 575 and 
1150 r.p.m,. Shipping weight, 75 Ibs. 


Low Speed Polisher No. 1505-2, is parti 
larly adapted to final stage polishing and f: 
non-ferrous metal samp!es. The 8” disc is a 
tached to a countershaft by a tapered sleev 
with a long span between bearings, a cor 
struction feature that assures smooth oper 
tion. The selective speeds of 150 and 2 
r.p.m. make this polisher perfectly adapt 
to the wax lap or lead lap polishing tec! 
nique. Shipping weight, 105 Ibs. 

Either the standard or low speed polish« 
can be furnished in a single unit table mod 
ae No. 1516. A three unit table mod 
No. 1540 is also available for maximur 
convenience in three stage polishing. 


accessories 
und: Abrasive poper 
solutions @ 
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specimens 


sheets. 
polishing 
service 
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METALLURGICAL APPARATUS 


165 West Wacker Drive, Chicago 1, Illinois 
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@ Standard Round Containers 


“ConTROLLED QUALITY?” That means thorough laboratory 
analysis and inspection throughout every step of produc- 
tion. And that’s why FAnrite Heat Treating Solution 
Pots—and all FAHRITE castings—stand up longer under 
sustained elevated temperatures. 

Standard patterns are also available for making many 
other Fanrite Heat Treating Solution Pots in the grade 
exactly suited to your particular operating conditions 

Why not investigate FAnRiTe’s advantages for this and 
other applications in your plant? Complete information 


sent upon request. 


The Ohio Steel Foundry Co. igen 8 


SPRINGFIELD, OHIO 
Plants: Lima and Springfield, Ohio 


Free enterprise is the only way to constantly higher American living standards 
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when you order C oated Abrasives. A new system 
of naming and labeling takes out all the grief. From 
now on Coated Abrasives by “CARBORUNDUM” are 


INN vac you can be sure you get what you ask for 


]—GET 
THIS BOOK 





system of 
identifying, specifying and ordering Coated Abrasives 
by “CARBORUNDUM”. It also gives complete informa- 
tion about Coated Abrasives by “CARBORUNDUM” 


This new free book describes the new 


and their uses. 
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ee 4 2 own os aie 
i 
The man in the shop can tell what coated abrasive to 
requisition from stock just by a glance at the backing. 
Name and specifications are repeated often enough 
so that even small pieces are easily identified. 


“CARBORUNDUM" 
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HERES HOW TO ORDER 
7 COATED ABRASWES 
THE EASY WAY. 


/ 


identified by the name of their end use. Specification 
are clearly marked on labels and backing material 
Here’s how it works. To get the right coated abrasive 
for your job: 


3—LOOK 
AT THE 


The same information is repeated on the package 
label, so it’s easy for the stock room to fill the requis: 
tion. And it’s just as easy for Purchasing to make out 
repeat orders. 





The first thing to do is write for your free cop) 
of “Sanding and Finishing” if you have not yet 
received your copy. For additional informa- 
tion, consult your “CARBORUNDUM” repre- 
sentative or your distributor's salesman. The 


Carborundum Company, Niagara Falls, N.Y 








THERE 1S A PRODUCT 


“e. CARBORUNDU 


RADE MAR 


FOR EVERY ABRASIVE ae Oh ee), | 


is a registered trade mark of and indicates manufacture by The Carborundum Company 
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is the KEY/NOTE ee 


(ABOVE) DIRECTLY CONNECTED. 
Butterfly valve on intake is stand- 
ord equipment on larger sizes 
only. Smaller sizes equipped with 
intake guard —see section at right. 


(BELOW) V-BELT DRIVEN. Used 
where 60 cycle A. C. current is not 
available. 


Se @ 6 j 
j 


(ABOVE) DIRECTLY COUPLED 
facilitates motor change. Blowers 
available in single or multiple 
stage —pressures from 8 to 32 o2. 
and volumes from 60 to 4300 cfm. 


(BELOW) OIL PUMP ATTACHMENT 
for plants requiring small oil 
systems. 


THE NORTH AMERICAN MANUFACTURING COMPANY 


MANUFACTURERS OF INDUSTRIAL FUEL BURNING EQUIPMENT FOR GAS OR Or 
BRANCH OFFICES with FIELD ENGINEERS in PRINCIPAL CITIES 


CLEVELAND, OHIO 
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A Good Name 


Robert £. Pe ary. 


Few great achievements were ever attained the hard way, 
like that of Robert E. Peary Pursued by adversity, 
plagued by successive failures at the threshold of triumph, 
each polar expedition attempted from 1886 to final success 
in 1909 was filled with tragedies that would stifle the aspira 
tions of most men. 

To the American public, Peary’s discovery meant a great 


national victory; to the world’s scientific societies, it pre 


sented a wealth of geographic and cosmic knowledge. 
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ELECTRO-ALLOYS DIVISION gam 


ELYRIA, OHIO. Brake Shoe 


X-RAY CONTROLLED 
_ MBAT AND CORROSION RESISTANT CASTINGS 











Water-Tube Boilers, for Stationary Power Plants, for 


. . Economizers . 
Coal Equipment . . 
ond Multifvel Burners . 
. Refractories . . . 


Or xs 
4 


- Even OLD MAN WEATHER 


didn’t hurt these 8&W | 


In the spring of 1942, eleven heat-treat- 
ing furnaces, lined with B&W Insulating 
Firebrick, were moved outside an auto- 
mobile plant to make room for war pro- 
duction. For three years they weathered 
summer rains and winter storms—with 


nothing for protection but a tarpaulin. 


Reconversion brought them back into 
the plant. There was apparently no 
refractory deterioration—either from ex- 
posure to weather or from stresses in- 


curred in moving. 


The furnaces were started up, and in 
spite of the unusual weather treatment 
to which they had been subjected, have 
already operated for three months with- 


pew 


. . « Water-Cooled Furnaces . . . Super- 
.. Air Heaters . . . Pulverized- 
. Chain-Grate Stokers . . . Oil, Gas 
. . Seamless and Welded Tubes 
Process Equipment. 
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out any indication that the B&W Insulat- 


ing Firebrick were in any way affected. 


The story told above is typical — it 
proves that you can count on the dura- 
bility of B&W IFB, in combination with 
their light weight and low heat conduc- 
tivity to serve you faithfully in your plant. 


B&W insulating Firebrick have the 
lightest weight and lowest heat conduc- 
tivity of any refractory in their class. 
Where B&W IFB have been installed, sub- 
stantial savings in maintenance and fuel 
have been realized. See your local BAW 
Refractories Engineer about using these 
cost-cutting firebrick in your furnace 


installation. 
R-227 


ORK 6.4 y 
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B&W TUBES 


War-born 


P eacetim 


---CUT COSTS 


From a wide variety of war production re- 
quirements successfully solved by forming 
and/or machining ordnance items from B&W 
Mechanical Tubing come many cost-cutting, 
time-saving ideas for making better peacetime 
products. Bomb and rocket casings, elevator 
and catapult structures, aircraft struts, propel- 
ler shafts, hydraulic assemblies, tank treads and 
bushings, engine bearings . . . these are just a 
few of the war-born applications of B&W Tub- 
ing that suggest design and production short- 
cuts to improved quality, lower manufacturing 
costs and greater profits in new equipment for 
industrial and civilian uses. 

Hundreds of different precision parts and 


structural members can be machined and 


Other B&W Products 


8 


SAVE TIME... 


Hydraulic lift jacks on Army Tankdozer 1) and on materiel 


handling truck (2) are both encased in B&W Tubing. 


formed from easy-to-work, dimensionally accu- 
rate B&W Tubing... 


formly, in fewer operations and with less scrap 


and faster, more uni- 


loss than from solid stock. Now is the time to 
find out how you can take advantage of tubular 
parts in your products. 


B&W can help you 


ways: By sharing its broad and diversified ex- 


in two important 
perience in matching tubing — both seamless 
and welded—to mechanical uses with your de- 
signers and engineers, and by supplying either 
kind of tubing of the proper analysis, size, 
gauge, temper and finish for each job. Get in 
touch with the nearest B&W office today for 


prompt reliable advice. 





BABCOCHK 
& WIL 


THE BABCOCK & WILCOX CO. SEAMLESs 
SS LIBERTY STREET + NEW YORK 6, N. Y. WELDED 


Water-Tube Boilers, for Stationary Power Plants, for 
Marine Service * Water-Cooled Furnaces * Super- 
heaters * Economizers * AirHeaters * Pulverized-Coal 
Equipment * Chain-Grate Stokers * Oil, Gas and Multi- 
fuel Burners * Refractories * Process Equipment. 
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with GULF CUTTING OILS — we get 


sreater production, longer tool life, and better finishes” 


‘ says this Superintendent 





\F TER SWLLECHING to Gult Cutting Oils, we Here's the important reason: Every Gull 


da general improvement all over the shop Oil has specific properties which insure bet 


production, tool life, and finish,” says this formance on certain types of machining jobs 


Superintendent. “By the use of Gulf L. S. Cutting It will pay you to find out quickly the 
on this machine, we increased output about sibilities of Gulf's production-prove 


er cent, and in addition secured longer tool life in your shop. Call in a Gulf Servic 


1a much better finish on the work.” and let him show you how thev c: 


Gulf quality cutting oils can give you a vital your machining problems. Writ 


antage in machining efficiency that may help your ne: t Gulf office. For vou 





1 make substantial cuts in unit production costs. let “Gul iting ils,” send 


Gulf Oil Cor atior Gulf Refining Company 
3800 Gulf ding. Pittsburgh 30. Pa 


end me, with Hliigation, a ¢ ‘ 


DIVISION SALES OFFICES: sich includes a heipful Machining | 
Boston * New York - Philadelphia * Pittsburgh * Atlanta 


New Orleans - Houston - Louisville - Toledo 


December, 1945: Page 1359 











(owtreqvency 'NDUCTION MELTING 







FRONT AND 
BACK VIEWS 


e Ajax Tama-Wyatt Induc- 
tion Furnaces are made i 
a wide range of sizes to meet 
the demand for large volume 


or small special lots of alu- 


minum alloy ingots. 


Tama - Wyatt 


be operated continuously, 
without frequent interrup- 
tions previously necessitated 


for reconditioning melting 


channels. 


AJAX 


BOX 1418, 


*REG. U. S. PAT. OFF 





n 


Ajax 


Furnaces can 


FURNACE Ay 


AJAX 





HIS unit (the larg- 
est of its kind ever made 
for melting aluminum 
alloys) is powered with 
500 kilowatt three- 
phase, 60-cycle alter- 
nating current, melts 
over 2500 pounds of 
aluminum alloy per 
hour and allows to cast 
6000 
individual 


ingots up to 
pounds 
weight. Tilting is ex- 
actly around the pour- 
ing spout and casting 
speed is adjusted within 
close limits by hydrau- 
lic rams with sensitive 


pump control. 


Temperature, of 
course, is also auto- 
matically regulated and 
there is no chance for 
overheating the bath at 
any time during the 


melting cycle. 


ENGINEERING CORPORATION 


TRENTON 7, N. J. 





TAMA-WYATT —— 





AX INO 
S 


VW 


CTION MELTING FURNACE 


AJAX METAL COMPANY, © 


AJAX ELECTROTHERMIC CORP., dex Nov a> enema hetetiien Ratan 
AJAX ELECTRIC CO., INC ha wen Ele ait Bath Furnace 
AJAX ELECTRIC FURNACE CORP., do naces for Melt 
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the problem: 


a top hanger 
« 


To provide 0 ae 
mechanis™ ' 
loads ! 
Hangers 
quenched , 
F. Original equ'r” 
hed at right con- 
ith a web 


for 
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1600-1700 
ment skete 
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the answer: # 


A combination of tubular beans per- O1 
forated to effect maximum uniformi-pess-fit 
ty of cooling strong to carrygiPeepfre 
sustained loading and with suspenHiboserted 
sion link engagement holes above th TF 
neutral axis to reduce 
half of beams. 


stress on 
low el 


the result: 


Highly satisfied user-service lif 


when recently inspected — fou 
times the original equipment ai 





in customer’s words, “Stil 
in perfect condition”. 


and 















District Engineering Offices 


Dayton 
Louisville 


St. Louis, Mo De roit 
Philadelphia Houston 


Portland, Ore. Buffalo Chis 

New York City Cleveland P 

Milwaukee Springfice 
Indianapolis 


STERLING‘ ALLOYS, 7 


MASS. 











SHRINK-FIT ASSEMBLY 
PROVES 360 TIMES FASTER THAN 
FORMER PRESS-FIT METHOD 


in 
ire cold-treating results that speak for themselves. This 
facturer formerly used an arbor press to insert 8620 
— shings into cast iron gear housings. Time required to 
plete the assembly was three hours. This method proved 
Manhours were wasted. Part spoilage was common. 

on in general was retarded. 

per overcome these conditions shrink-fit was substituted for 
rmi-mmress-fit. Bushings were subjected to an hour's treatment in a 
arrygeeptreeze Industrial Chilling Machine. They were then easily 
jpen-Mmaserted into the housing by a single operator. Today the 
the | time required to complete each assembly is 30 seconds. 


tion, the employment of the shrink-fit method has freed 
power for other duties. Part spoilage has been eliminated, 
t production increased. 


OW TO DETERMINE THE RESULTS OF APPLYING 
lif@€0LD TREATING TO YOUR PRODUCTION ..... 


‘ou ' ‘ ; 
too, can cold-treat in a Deepfreeze unit with equal success. Not 
rent 


Stil 


I 


speed the assembly of metal parts, but also to harden, stabilize 
test metals and metal parts, and for numerous other operations. You 
letermine the various uses and results of applying cold treating to 















production by contacting Deepfreeze Engineering Service. This 

industrial refrigeration experts is prepared to furnish you with 
the latest cold treating information without obli- 
gation. 


pease ; ‘ 
= Valuable Cold Treating Data, includ- 
a ing actual performance stories, de- 


tailed methods and procedures, charts, tables, list 





of users and additional information that you can 
use to advantage, all bound into this new Deepfreeze 
Book. Send for your copy today. 
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Operation—Assembly of bushing into 
quill housing 

Male Part—8620 steel bushing 

Female Part—Cast iron quill housing 














Former Method of Assembly—Arbor press 
and pulling in by screw 

Time Formerly Required For Assembly 
Three hours 

Present Method of Assembly Shrink-fit; 
bushings subjected to sub-zero treat- 
ment in Deepfreeze Industrial Chilling 
Machine for one hour period and in- 
serted into housing upon removal 

Present Time Required For Assembly — I wo 
bushings per minute 





Remarks—In addition to increasing the 
rate of assembly over 360 times the 
shrink-fit method conserves manpower, 
eliminates part spoilage and improves 
overall production 












SOME “FALLS BRAND” ALLOYS 


Magnesium Aluminum 2% 
Magnesium Aluminum 10% 
Magnesium Copper 10% 
Manganese Aluminum 5% 
Manganese Aluminum 10% 
Manganese Aluminum 20% 
Manganese Aluminum 25%, Metallurgical Grade 
Manganese Bronze Hardeners 
Manganese Copper 30%, Grade A 
Manganese Copper 30%, Grade B 
Monel Ingots 

Monel Shot 

Nickel Aluminum 20/80 

Nickel Copper Aluminum 25/25/50 
Nickel Copper 15/85 

Nickel Copper Ingots 30/70 

Nickel Copper Shot 30/70 

Nickel Copper Shot 50/50 

Nickel Iron 50/50 

Nickel Shot 

Nickel Silver 

Nickel Tin 50/50 

Silicon Aluminum 12% 

Silicon Aluminum 25% 

Silicon Aluminum 50/50 

Silicon Bronze Hardeners 

Silicon Bronze Ingots 

Silicon Copper 10% 

Silicon Copper 15% 

Silicon Copper 20% 

Silicon Copper 30% 

Silicon Copper Aluminum 25/25/50 
Silicon Titanium Aluminum 


This partial list is but a few of the many alloys we make. Each 
is for the specific purpose of adding quantities of high melting 


point metals to standard alloys. 









There’s a 


Falls Brand Alloy 


Our 
Telephone 
Number 
It’s Buffalo 
Riverside 
7812-3-4 









For Every Foundry Use. 
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MANAGE MENT 
COUNSEL 


Our services provide the 
combined talents of regis- 
tered licensed, professional 
industrial and mechanical 
engineers, accountants, 
architects, structural, civil 
and hydraulic engineers, 
electrical, heating, ventilat- 
ing, air conditioning, chem- 
ical, foundry and metallur- 
gical engineers to work 
closely with members of 
your staff in helping to build 
a more effective business 
organization. 


Illustrated folder on request 


¢ Industrial Engineering 

e« Methods 

¢ Plant Layout 

¢ Production Flow 

¢ Work Standards and Costs 
¢ Job Evaluation 

« Wage Incentives 

¢ Architecture 

¢ Structural Engineering 

¢ Civil Engineering 


The successful future of 
many a business hangs on 
the thread of making a de 
cision to do something today 


—, 








“ASSOCIATED 


ENGINEERS, INC. 


Joseph C. Lewis, President 


———= 





— 


230 EAST BERRY STREET 
Fort Wayne 2, Indiand 


AE I) 





This 15-kw electronic heat- 
er, similar to the one used 
by Cardwell Mfg. Co., 
Inc., Wichita, Kansas, is 
one of a number of sizes 
produced by G-E for in- 


dustrial uses. 





Wuen a big production hoist yanks thousands 
of feet of oil well rods and tubing to the surface, 
much of the strain must be borne by the clutch plate 
jaws. 

To harden those jaws, for longer life, without hard 
ming the entire clutch plate, was a problem of the 
Cardwell Manufacturing Company, oil rig manu 
facturer. 

We recommended electronic heating. Now, by 
placing the clutch jaw in an inductor coil connected 
t0a 15-kw G-E electronic heater, the part is raised 
to the desired temperature in only 17 seconds. A 
water quench completes the hardening process. 

Since no scale or distortion results from the elec- 
tonic heat treatment, the precision machining of the 
parts can be completed before hardening. 


Whether your production problems involve the 
plication of heat to a closely limited zone or the 
wazing or soldering of some complicated assembly 
ind out, now, how a G-E electronic heater can im 
ove your product quality and increase your 
utput. For details, get in touch with the G-E heating 
Pecialist in your nearest principal city, or write 
veneral Electric Company, Schenectady 5, N. Y. 





——») 
UY 


8! 
war 
BONDS No. 11 in a series of case studies on the 


accomplishments of G-E electronic heaters 


GENERAL {% ELECTRIC 
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wet yo gate O matter how large or 
eR ete dant N small a casting may be 
ee . No matter how simple or in- 
*. tricate its design or whether it is tough or “fragile” . . . no matter 
_*, * what kind of metal or alloy it is made of—it can be economically 
. * « cleaned on a production basis by the Pangborn Airless ROTO- 
"+1." BLAST Method. 
} Pangborn engineers have had the kind of experience that 
makes it possible for them to go right to the heart of the toughest 
foundry problems—and come up with the most efficient and eco- 
nomical solution. They have developed special basic equipment 
to meet many different cleaning needs, with handling methods 
geared to individual plant production lines—saving countless hours 
of handling, improving the uniformity of finishing, reducing rejects 
and lowering cleaning costs. 

Pangborn ROTOBLAST Barrels, Tables, Cabinets and specially 
designed installations are cleaning castings better, faster and 
cheaper in foundries in every part of the country. “Come to Pang- 
born” for bulletins and specific information about the benefits of 


Pangborn ROTOBLAST Method for your foundry. 


‘Trademark of Pangborn Corporation 





ARGEST MANUFACTUR CLEANING A UIPMENT 


PANGBORN CORPORATION - HAGERSTOWN, MD. 
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Gives Continued Accuracy, 
Rapid Measurements 
THE CLARK has everything u 


want in a hardness tester— t 
reading precision dial, durable 

struction, ease of servicing. | e 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steel penetrators st 


blocks, and anvils 


CLARKATOR CHECKS DIAL INDICATORS wich 
micrometer speed and sine bar a 
curacy. Easy to operate—just four 
simple steps. Complete instr 

tons, perma- 
nently fas- 


tened to base. 


MASTER DIAMOND 
CHECKING SET elim: 
nates hardness 
tester errors 
Consists of amas- 
ter diamond pen 
etrator and two 
test blocks. Pre 
cision 1s assured 
over a long pe 
riod because the 
setis used only for 


checking Fur 
nished in leather 
(am 


Learn the truth 
about hardness 
testing’ This 2 

page reference 
manual (right) 
contains infor 
mation on his 
tory, theory, prac- 


tice, and equip nj A 
— for = UL An u 
araness ce 
_ Win Any n 





CLARK HARDNESS | 
TESTER | 

















Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 


day! 





> 
€ ‘ ) 
* “e Lf 


— 





7! *) 


» 


ee 





; 
; 





MASTER D\AMONE 
CHECKING St 










CLARKATOR CHECKS DIAL 
INDICATORS 


CLARK 


INSTRUMENT, (INC. 


10200 Ford Road . Dearbor>. Mich 
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CAN THIS TRULY 
HIGH TEMPERATURE FAN 


for You? 


Save Money and Delays 


be ogre’ bbs 
ea Ue MET a ty Lg 








: . i : @ In the construction of Bellevue 

Made of heat-resistant alloys, MICHIANA Fans withstand Furnaces, painstaking consider- 
. ation of the job to be done comes 

first. Every factor must be evalu- 
ated, every condition studied. 
| ° os ° = Only then do Bellevue engineers 
ong-time service with minimum delays and replacement attempt design and recommen- 


dation of furnace type. 


temperatures as high as 1800° Fahr. This insures low-cost 


troubles. . 
rhe soundness of that policy is 
° ° = i iad being demonstrated in plant 
Distortion and unbalanced conditions are eliminated after plant. Hundreds of execu- 
: ’ , ; tives in scores of varied com- 
because of the MICHIANA design with vital operating panies have proved, te their ows 
. satisfaction, the efficiency, speed, 


high production level and oper- 


parts so assembled to allow for free and independent ex- clink Gonmenhien et Gens 
that were “‘designed”’ for the job 


pansion and contraction. 


You, too, will find Bellevue ex- 
perience and facilities a_ profit- 


These fans are now available —let us know your require- ip hemes te cae ome 
ments... MICHIANA PRODUCTS CORPORATION, ae 
Send for full details. 
Michigan City, Indiana. , [ 


M I C H I A N A Write for new Be mpeg thse 


HIGH TEMPERATURE tienda ¥ FURNACE CO. 


F S 2980 Bellevue Ave Detroi:, Mic = 
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HEAT TREATING FURNACE 
COMBINES MANY UNUSUAL FEATURES 


An unusual feature in this heat-treating furnace in- 

stalled by Surface Combustion at the Lukens Steel 

Company of Coatesville, Pa. is use of the inside roller- 

in the conveyor of the Lukens Steel Co. furnace. bearing dry conveyer shafts which carry loads up to 
70 Ibs. per sq. ft. at temperatures to 1900° F. 


Close-up of the shafts furnished by Driver-Harris 


The furnace, which is 11 ft. wide inside, is used to heat 
| ‘” S| id . 
NICHROME* treat heavy plates to 1%” thick. Its 123 ft length 
consists of a 75 ft. heating zone and 48 ft. cooling rone. 
CHROMAX* ' : 

r n spite of high loads and steep temperatures, the 54 
CIMET inside roller-bearing shafts in the heating zone are only 
are made only 5%” in diameter with %” wall. The cooling zone has 

by 36 water-cooled outside bearing shafts. From hot 

through cold zones the shaft speeds vary from 5 to 
150 fpm. 


e e Because these extremely rugged operating conditions 
Dyrwer-Harv1is require metal parts which combine excellent oxidation 
resistance with great strength at elevated temperatures 

castings by Driver-Horris were specified. And all the 


COMPANY alloy shafts, bearings, discs, etc., were designed, cast, 


machined and assembled by Driver-Harris. 


HARRISON, N. J. Unusual .. . or usual, if you have a heat-treating prob- 
lem, tell us about it. Our engineers are always at your 


Branches: Chicago + Detroit + Cleveland service. Write for a copy of Catalog F-40 


los Angeles + San Francisco + Seattle 














Protects ALL Surfaces 


Against Acids, Alkalis 
and Moisture 




















With Pen-Kote 500—the different type of 
maintenance paint—wet floorboards, walls 
and equipment of every kind can all be 
painted as readily as dry, with obvious sav- 
ings in time and trouble. It goes on smooth- 
ly, adheres perfectly, and gives full pro- 
tection against acids, alkalis and moisture. 


As free-working as regular house paint, 
Pen-Kote 500 is exceptionally easy to apply 
—and it sets in 30 min. or less to a hard 
but flexible film of plastic. Only two coats 
are needed under the toughest conditions; 
a single coat is often sufficient. 


. PENINSULAR CHEMICAL PRODUCTS CO. 





; 


‘ Vee 
=. J 
em. 
26 Se 
es * a 
.€ Ey 
4, 
; ‘ 


For these reasons alone, Pen-Kote 500 merits 
your consideration for all applications re- 
quiring durable protection against corrosion 
and rot. This paint has other advantages 
too: It’s truly odorless. It's free-working 
even on hot surfaces; forms a perfect 
coating without blistering or hardening on 
the brush. It can be recoated as often as 
desired without blistering. And it’s a per- 
fect sealer; asphalt, pitch, and other paints 
will not bleed through Pen-Kote 500. Fur- 
nished in black, white, gray and standard 
identification colors. 








For perfect protection at minimum cost, more quickly and 
easily applied—specify Pen-Kote 500. Full information on request. 


6795 EAST NINE MILE ROAD 


VAN DYKE 
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MICHIGAN 


LOAD— STRESS 


AV 


LOAD-—-STRESS 


TWO TYPES OF STRESS-STRAIN DIAGRAM 
DUCTILE STEEL 


—Tensile Strength - 


UNUSED PLASTIC 
DEFORMATION 


a — Py 


AVAILABLE ELASTIC DEFORMATION 
FQN) RESERVE PLASTIC DEFORMATION 


X= ABOUT 


ARE 


TOUGH! 


I% ELASTIC AND PLASTIC DEFORMATION 


Mecnanie castincs © 





FACTS, FIGURES, DATA, 
AVAILABLE AND RELIABLE FOR THE USERS 
OF MEEHANITE CASTINGS 








| engineering design the ultimate breaking strength 
f any material is rarely used. Designers require safety 

service, not failure. There is a considerable gap be- 
tween the yield point and the ultimate strength. 

Che stress-strain diagrams plotted from a tensile test 
of mild steel and Type GA Meehanite appear as shown 
above, 

Steel shows both a higher ultimate strength and 
elongation value than Meehanite. The important point, 
however, is how much of these values can be used in 
unit design. 


MEEHANITE TYPE GA 


Tensile Strength 


UNUSED PLASTIC 
DEFORMATION 


—_ 


TENSION -~STRAIN 





Thi thick section w tr 


Meehanit casting. It w 
wry 2 ‘ 





Che diagrams reveal three distinct areas: 


1. Stress absorbed during elastic deformation. This has rela 


tion to the Modulus and Yield streneth. 


2. Stress absorbed during elastic and plastic deformation 
which has some relation to the reserve of plasticity avatlabl« 


against sudden fracture. 


3. Plastic changes recording deformation during failure 


Areas 1. and 2. illustrate in a general way, the rela 
tive capacity of both materials to absorb working stress 
in service up to approximately 1% plastic deformation, 
which is as much as any normal engineering construc- 
tion can endure. 

They show that to this extent Meehanite, despite its 
lower ductility, does have as large an area for plastic 
adjustment to distribution of the load as the so-called 
ductile metals. 

This explains why Meehanite is finding wider engi 
neering applications in structures normally calling for 
high elongation and reduction of area values. 


MEEHANITE RESEARCH INSTITUTE 
NEW ROCHELLE, N. Y. 
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ITHALOYS 


rPNHIS chunk actually contains only 2°o LITHIUM a melting point below the casting temperature of 
approximately 14 ounce. The other 98' the metal. These compounds volatilize, or flux out 


consists of Cu, Zn, or bronze proportioned to match quickly, thus increasing the fluidity which ofte 
your melt. Yet this small quantity of metallic permits lowering pouring temperature. As a result 
LITHIUM is sufficient to remove hydrogen and other your castings are clean and sound, possessit 
gases, oxides, sulphides and other non-metallic im- optimum physical characteristics. 


purities from a 200 pound melt of copper or bronze.” : : 
LITHIUM treatment requires no new techniqu 

LITHIUM metal works because it combines with new equipment, no special training for your crew 

these impurities forming non-metallic compoundsof = Our technical staff and our own casting facilitir 


low specific gravity, insoluble in the melt and having can be placed at your disposal. 


LITHALOYS CORPORATION 


444 MADISON AVENUE, NEW YORK 22, N. Y. 


*Tin bronze or silicon bronze. 
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Quantity Production Jet Turbine 
Blades Solved by Microcast Process 






Flying higher and faster than ever before possible, jet pro- 
pelled aircraft such as the Lockheed Shooting Star P-80 
‘breathe”’ vast quantities of air—supplied by turbine-driven 
compressors. 

In designing blades for these turbines it was necessary 
to use high melting point, extremely hard alloys such as 
"Vitallium, capable of withstanding the tremendous force and 
heat of jet blasts. High melting point alloys being difficult 
and expensive to machine were a problem in quantity pro- 
duction. The answer—MICROCAST, the process of preci- 


The MICROCAST Process is foremost in the pre- 

cision casting of specialty blades for power develop- 
. . . . . ment units. Engineers are finding that MICROCAST, 

sion casting high melting point non-machineable . we , 

1" : . mitting the econom 

alloys which has proven so successful in pro- by per g the economical quantity production 

ducing specialty blades by the millions for gaso- 


ine aircraft turbo-superchargers. 


of high melting point alloy castings, has 


opened the way to many design improvements 


*VITALLIUM 


A aen-machinechle alley particularly where extreme resistance to wear 


COPYRIGHT 1945 BY AUSTENAL LABORATORIES, INC 





and stress is required. 


The precision process originated by Austenal Laboratories, Inc., for 
the production of castings of intricate design where accurate dimen 
sions ond surface smoothness are absolutely essential. Small castings | 
produced by Microcast Process require little or no machining. Con 


sider Microcast in your product plons 





224 East 39th Street, New York 16, New York 


UST ENAL LABORATORIE Ss, INC. 5932 South Wentworth Avenue, Chicago 21, Illinois 
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ARE STOODY 6 and Stoody 1 for oxy-acety- 

lene application have long been accepted 

as tops for protection against heat, abrasion, cor- 

rosion and impact. Now—with the two new, 

coated rods you get the same physical properties, 

but with the advantage of A.C.—D.C. electric 
application! 

USE THE NEW COATED STOODY 6 and 1 on your heavy 

equipment or where oxy-acetylene is impractical be- 


CHARACTERISTICS 

High build-up. Low penetration. Rapid burn-off rate. Good slag 
coverage. Easy slag removal 

STOODY 6 possesses red hardness, corrosion and abrasion resist 
ance as well as sufficient ductility to withstand heavy impact 


STOODY 1 resists corrosion 


red heat, with resulting wear resistance. Especially recommended 


possesses extreme hardness even at 


for conditions involving acute abrasion 


TYPICAL APPLICATIONS 
Vegetable and fish oil expeller parts, heavy hot punches, cap 
stans, heavy blades for cutting scrap or shearing hot steel, blast 
furnace bleeder valves, blowing 
engine gos volves and seats, 


heavy mill guides, hot trimming 


A 
Retard Wear . 
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Two new hard-facing electrodes 


for A.C.-D.C. ELECTRIC APPLICATION 






‘ 





cause of size limitations of the workpiece. The new 





coated rods are also useful where physical properties 





of parent metal must be retained or where heat treat- 





ment is undesirably affected by torch flame. 





LOW IRON PICKUP. When applied electrically with 
straight polarity, base metal pickup is held to an abso- 






lute minimum, thus preserving full hardness, heat and 





corrosion resistance. Spectrographic analyses show 





electric deposits identical to acetylene deposits. 














dies, blanking dies, forming dies, stoker screws, coke oven push 


shoes, hot ciinker conveyor screws, etc 





NO CHANGE IN PRICE 
Both coated electrodes for electric application and bare rods 





for oxy-acetylene application sell for the following prices: 3/16" 
dia., $4.25 per Ib. 1/4” dia., $3.75 per Ib. Prices are reduced on 
quantity purchases. All prices f.0.b. distributor's warehouse or 
Whittier, California. 


STOODY COMPANY 


1146 WEST SLAUSON AVENUE © WHITTIER, CALIFORNIA 














AW i 








The Drever Company has designed and 
constructed many types of continuous fur- 
naces to meet a wide variety of specific 
production requirements 

These installations include atmosphere 
and non-atmosphere types, fired by any 
fuel or electricity, with proper quenching 
equipment where necessary 

We would be pleased to discuss details 


at your convenience 


YER. 


790 £. VENANGO ST. PHILA. 34, PENNA 








PRESSURE QUENCHES CONTINUOUS 
FURNACE LINES + HEAT TREATING FURNACES 


wiw TORR & EW EnGia 
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TOOL STEEL 





Here’s news of smashing interest to users of tool steels. Nev 










ANALYS, Many months of chemical, metallurgical, experimental, an 
ryPicae 1S testing work preceded the announcement of Black Guar 


Tool Steel; but now the facts are established. Facts like thes¢ 


Super- 








Cc Mn si Cr Ww e Black Giant has superlative machining qualities rreated 
1.40 0.90 2.20 0.45 0.50 e An oil-hardening tool steel, it responds readily to heafj*> Co 
treatment. *heels 













TYPICAL USES e It has much greater depth of hardness than ordinangye de 


graphitic steels. 








Machined dies; plug or ring gages; bushings; e It has better non-deforming properties. It is ; 





spindles; mandrels; seaming rolls; narrow strip e Its self-lubricating qualities mean lower coefficient orce d 
or foil rolls; bending, drawing, cupping, and friction; longer life in tools requiring high resistanGjnad|) 
stamping dies; deep-drawing and forming opera to abrasive wear 





tions; and other uses requiring high resistance 

to wear and abrasion. These are but a few of Black Giant’s many advantag¢ 
Black Giant does not replace the standard oil are others that you will want to he: 

hardening tool steel (Bethlehem’s BTR). It will, For further details, check with the 

Bethlehem office or distributor. Blac’ 4" 


gETHLEHEY warrants an immediate invest fi orn re 











however, definitely complement the use of BTR 


in such special applications as those listed above. 


STEEL 


BETHLEHEM STEEL COMPANY ‘ond i 
Bethlehem, Pa. met t 
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Turbo-Supercharger 
for Aircraft Engines 


yiat 


“iuner-Steel is the mame of the new stainless steel 
eated and developed by The Timken Roller Bear- 
reacs Company. Super-Stee! was first used for turbine 


wheels in the Turbo-Supercharger, the ingenious de- 
ce developed by the General Electric Company to 
‘table our war planes to fly at unprecedented heights. 
‘is a steel able to withstand the terrific centrifugal 
‘orce developed by the turbine wheel as it is driven 
madly 30,000 r.p.m. by red hot exhaust gases at 1700°F. 


‘ combination of forces so great that they would 


ause ordinary steels to disintegrate. 


‘uper-Steel has high creep strength, excellent weld- 
dility, can be forged or machined and offers stub- 
“mn resistance to scale and corrosion at operating 
dditions. An imposing list of qualities that not only 


tet the grueling demands of turbine wheels but en- 


resist the destructive forces 
imposed upon this turbine wheel 









abled them to be produced on a mass production basis. 
Super-Steel promises to aid the development of 


many products. 


The imagination and facilities that developed Super- 
Steel are at your disposal in selecting a steel for your 


own products. We invite you to use them. Steel and 


Tube Division, The Timken Roller Bearing Company, 


Canton 6, Ohio. 
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“ROCKWELL 
uperficial 


HARDNESS TESTER 


The use of the “Superficial” type 
of the “ROCKWELL” Hardness Tester 


Many important plants have greatly increased their 
use of the Superficial type of “ROCKWELL” Hard- 
ness Tester. This is because its light loads and more 
sensitive depth measuring system permits equally 
accurate testing but bases its readings on material 
nearer to the surface. Where steel must sustain wear 
the condition of it near the surface becomes of prime 


importance. 


Testing with the “ROCK WELL” Superficial Testers 


substantially reduces the amount of material to be 


WILSON 


MECHANICAL INSTRUMENT CO.. INC. 
367 Concord Avenue New York 54 


is rapidly increasing 


eround away in removing the minute impression, 
the surface happens to be one where no identati 


mark is permissible. 


Increased use of processes such as induction heatit 
and nitriding to produce shallow cases, require U 
use of the “ROCK WELL” Superficial Hardness Test 
without exception. 

There are now over 5.000 “Superficial” mat es | 


use and they are just as durable and just as quick 42 
easy to use as the regular “ROCKWELL” 


An Associate Company c atid 
American Chain & Cabl y- 
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Keep that pencil sharp with FIRTHITE 





During the war it was a mat- 
ter of production speed ... and 
carbide cutting tools were 


the answer. 


Today it’s a matter also of 
keeping operating costs down. 
High production, yes .. . but 
at costs that meet or beat 
competition. Again Firthite 
sintered carbide tools will help 
you keep red ink out of your 
records, while turning out a 


better, more salable product, 


STEEL COMPANY 


NCKEESPORT, PA. - NEW YORK + HARTFORD - PHILADELPHIA - PITTSBURGH - CLEVELAND + DAYTON + DETROIT - CHICAGO + LOS ANGELES 
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New England Metallurgical Corp. 
9 ALGER STREET 
SOUTH BOSTON 3313 


The Queen City Steel Treating Co. 
2976 SPRING GROVE AVE. 
KIRBY 6300 


The Lakeside Stee! improvement Co. 
5418 LAKESIDE AVE. 
HENDERSON 9100 


Pi a Treating Corp. 


6100 TIREMAN AVE. 
TYLER 6-6086 


Commonwealth Industries 
5922 COMMONWEALTH AVE. 
MADISON 0573 


Starr Heat Treating Company 
10420 HARPER AVE. 
PLAZA 8312 


ELIZABETH, N.J. 
American Metal Treatment Co. 
ELIZABETH 2-2121 


Metallurgical Service Compeny 
1020 E. MICHIGAN ST. 
CHERRY 5203 


Lovisville Metal Treating Service 
314 WEST BLOOM STREET 
MAGNOLIA 3674 


Thurner Heat Treating Company 
809 WEST NATIONAL AVE. 
MITCHELL 6360 


nnn co 


220-222 CLIFFORD STREET 
MARKET 3-6400 
N.Y. City, RECTOR 2-2732 


Fred Heinzelman & Sons 
154 SPRING STREET 
WALKER 5-0720 
Alfred Heller Heat Treating Co. 
379-391 PEARL STREET 
BEEKMAN 3-4534-5 


i 


1347-49-51 N. FRONT STREET 
REGENT 7722 REGENT 1324 


Metlab Company 
(Metallurgical Labs., Inc.) 
1000 E. MERMAID LANE 

CHESTNUT HILL 3500 
J. W. Rex Company 

LANSDALE, PA. ' 

LANSDALE 4611 
Wiedemann Machine Co. 
1801-31 SEDGLEY AVE. 

SAGAMORE 3027—PARK 2258 


Duff-Norton Manufacturing Co. 
P.O. Box 1889, LINDEN 1156 


Pittsburgh Commercial Heat 


284 GROVE STREET 
WORCESTER 4-1725 
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THE BEST INDUSTRIAL FURNACES MADE 


STEWART] 








In addition to large units designed to 
meet specific production requirements, 


STEWART also builds these famous 
STANDARD INDUSTRIAL FURNACES 





STATIONARY METAL 
MELTING FURNACE 








q 
4 


oy Hagel I) 


7a" 
AIR DRAW i 


il ie 
RECIRCULATING 


FURNACE HEAVY PORTABLE OVEN FURNACE BENCH OVEN FURNACE 



















A letter, wire or ‘phone call will promptly bring you information and details on STEWART Furnaces 
Or, if you prefer, a STEWART engineer will be glad to call and discuss your heat-treating problems with you. 


STEWART INDUSTRIAL FURNACE DIVISION OF CHICAGO FLEXIBLE SHAFT COMPANY 
Main Office: 5600 W. Roosevelt Road, Chicago 50, Ill.— Canodo Factory: (FLEXIBLE SHAFT CO., LTD.) 321 Weston Rd., So., Toron! 


Vetal Progress: Page 1386 








Giri DITE = 
“wz 4 





Permits Ose OF ZINC PLATE IN 
Piacé oF Moré Costiy MATERIALS 





fr 
3 WAYS To | 


BUILD PROFITS 
WITH IRIDITE 


1 As a final finish: Iridite is 
available in a variety of 


attractive colors. 


2 Asapaint base: I ridite holds 
paint firmly, even on di 
t or newly galvanized 


Ca 


surfaces, 


3 To reduce costs: Consider 
using galvanized metal, 
is Iridite, in place of 
more expensive materials. 





Test lridite for yourself. Send 
coupon for this test panel. 


_ Standard Oil Bidg. Baltimore 2, Md. 











NEW QUICK-DIP PROCESS, ALSO CURBS 


CORROSION OF GALVANIZING OR CADMIUM 


Here’s how to use zinc plate in place of more expensive materials. Here’s how to curb 
corrosion on galvanizing, cadmium plate or zinc die-castings. Use Iridite—as a color 
ful final finish or as a firm paint base! Corrosion-resistant Iridite goes on with a quick 
dip of 15 to 60 seconds, dries in a few seconds, dries even faster with a hot water rinse, 
permits immediate handling or shipping. Thus Iridite maintains automatic machine 
cycles, speeds production, saves time and money. 

WIDELY USED 
Meeting Army and Navy specifications, Iridite is used on military or civilian products 
of such manufacturers as Western Electric, Martin Aircraft, Woodstock Typewriters, 
Sparton, Lockheed and many others. New fields for Iridite are constantly being opened. 

SEND FOR TEST PANEL 

Send for free test panel, half of it protected by Iridite, and prove for yourself how 
Iridite balks corrosion . . . how the Iridite treatment does not alter dimensions of finely 
machined parts . . . how Iridited parts may be cold-worked without flaking, chipping 
or peeling. Find out now whether Iridite can cut costs or speed production for you. 
Write for free test panel—today! Address: Rheem Research Products, Inc., 14412 
Standard Oil Bldg., St. Paul and Franklin Sts., Baltimore 2, Maryland. 


RHEEM RESEARC! 
14412 Standard Oil Building 


Baltimore 2, Maryland 


Iridite- 


and full 


send me a free panel of 


lab 


Phe ast 


plate for 


Gentlemen 


treated zinc atory resting 


information and 


aun aD ae EGE EEDE aaa ane anana 


Reg. U. S. Pat. Of. 
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PRODUCT 


NOMINAL COMPOSITION 


APPLICATIONS 


PRODUCT 


NOMINAL COMPOSITION 


APPLICATIONS 





ALSIFER 


Aluminum 
Silicon 
Iron 


20% 
40% 
40% 


Used principally as a steel 
deoxidizer and for grain 
size control. 





FERRO CHROMIUM 
High Carbon Grade 


Chromium 
Carbon 


66-70% 
4-6 % 


For wrought’ construc 


tional steels and steel and | 


iron castings 





Iron Foundry Grade 


62-66% 
4-6 % 
6-9% 


Chromium 
Carbon 
Silicon. 


For alloyed cast irons 
Readily soluble as a ladle 
addition at the lower tem 
peratures of cast iron 





Low Carbon Grades 


Chromium . . .67-72% 
Carbon... 06%, .10%, 
15%; .20%, .50%, 
1.00% and 2.00% max. 


For low carbon chromium 
steels, especially those with 
high chromium content, 
such as stainless and heat 
resistant types. 





FERRO SILICON 
25-30% Grade 


50% Grade 


Silicon 


Silicon 25-30% 


Deoxidizer for open 
hearth steels; also for high 
silicon, corrosion-resistant 


iron castings. 





47-52% 


Used as a deoxidizer and 
for the addition of silicon 
to high silicon steels, for 
springs, electrical sheets, 
etc. Pulverized form used 
as ladle addition to cast 
irons for silicon content 
and graphitization control 





75% Grade 


Silicon 





High Silicon Grades 
80-85% 
85-90% 
90-95 % 


Silicon 
Silicon 
Silicon 


For high content silicon 
steels, such as spring steels, 
sheets and forgings of high 
magnetic qualities for elec 


trical apparatus. 





For high content silicon 
steels where small ladle ad 
ditions are used for re 
quired silicon content. Also 
for manufacture of hydro- 
gen by reaction with caus 
tic soda and production of 
magnesium by the Pidgeon 
process 





FERRO TITANIUM 
High Carbon Grade 


.. 15-18% 
6-8% 


Titanium 
Carbon 


Final ladle addition to 
control “rimming”’ action 
and to clean effervescing 


FERRO VANADIUM 
Grade “A” 
(Open Hearth 


35-40% 
Max. 12% 
Max. 3.50% 


Vanadium 
Silicon 
Carbon 


For low percentage 
adium content of rol 
forged or cast const 
tional steels. Also used ix 
vanadium cast irons 





Grade “‘B”’ 
(Crucible) 


Vanadium 35-45% 
Silicon ..Max. 3.50% 
Carbon. Max. 0.50% 


For tool steels and sp 
steels containing high pe: 
centages of vanadiun 
which required limits for 
carbon and _ silicon 
narrow 





Grade “‘C” 
Primos 


Vanadium 35-45% 
Silicon ..Max. 1.25% 
Carbon... Max. 0.20% 


For tool steels and sp« 
steels requiring high per 
centages of vanad 
and exceptionally low car 
bon and silicon content 





Special Grades 


50-55% 
60-65% 
70-80% 
.. Low 
Low 


Vanadium 


Silicon 
Carbon 


For 
and 
vanadium 


special applicat 
uses requiring lar 
additions 





Technical Grade 
Fused Form 


VANADIUM PENTOXIDE V20; 90% 


A source of vanadium in 
basic electric furnace 
steels. A base for numer- 
ous chemical compounds 





Technical Grade 
Air Dried Form 


V.0; 85% 


A base for preparation of 
numerous chemical com- 
pounds, such as at 
alysts, etc 





GRAINAL ALLOYS 


Vanadium Grainal 
No. 1 





Vanadium 
Aluminum 
Titanium 
Boron 


Practical and economical 
intensifiers for controlling 
and increasing the capac 
ity of steels to harden, 


portant engineering 
physical properties 





Vanadium Grainal 
No. 6 


Vanadium 
Aluminum 
Titanium 
Boron 


See above 





Grainal No.79 


steel. Final deoxidizer and | 
scavenger for steel castings | 


and fully killed 


steels 


ingot 





Medium Carbon 
Grade 


Titanium 
Carbon 


17-21% 
3-4.50% 


Often preferred to the 
High Carbon Grade as a 
final ladle addition to very 
low carbon rimming or 
effervescing steels. 








Low Carbon Grades 
20-25% Ti Grade 


Titanium 20-25% 
Carbon. Max. 0.10% 
Silicon Max. 4% 
Aluminum Max. 3.50% 


As a carbide stabilizer in 
high chromium corrosion 
resistant steels of ex 
tremely low aluminum 
content. Deoxidizer for 
some casting and forging 
steels 





~ 40% Ti Grade 


Titanium 38-43% 
Carbon. Max. 0.10% 
Silicon Max. 4% 
Aluminum... Max. 8% 


As a carbide stabilizer in 
high chromium corrosion 
resistant steels, where 
smaller ladle additions are 
desired and extremely low 
aluminum content is not 
essential 





VANADIUM METAL 
90% Grade 


91.15% 
3.87% 
0.50% 
0.17% 


Vanadium 
Aluminum 
Silicon 
Carbon 


For special iron-free (non 
ferrous) or low iron al 
loys or low impurity fer 
rous alloys 





95% Grade 


95.18% 
2.00% 
0.27% 
0.15% 


Vanadium 
Aluminum 
Silicon 
Carbon 


Principally for research on 
the properties of pure 
alloys 


| 


Aluminum 
Titanium 
Zirconium 
Manganese 
Boron 
Silicon 


See above 





GRAPHIDOX No. 4 


Silicon 
Titanium 
Calcium 


New alloy for the gra; 
tization of iron; 
treatment insures 
with normal graphite 
from dendritic struct 
reduces chill; efficient 
oculant in the product 
of high strength iron 





V-FOUNDRY 


ALLOYS 
V-5 Grade 


38-42% 
14-16% 
8-11% 


Chromium 
Silicon 
Manganese 


Used in cast irons 

ladle addition. Red 
chill, promotes unifor 
of structure, incr« 





V-7 Grade 


28-32% 
15-21% 
14-16% 


Chromium 
Silicon 
Manganese 





| BRIQUETTES 


| Ferro Chromium 


Hexagonal in shape 
Weighs approximately 
3%8 pounds and con 
tains 2 pounds of 


chromium 





| Ferro Silicon 


Two sizes available, 


both cylindrical in 
form, one containing 1 
pound of silicon; the 
other 2 pounds of 
silicon 


See 


avoove 


A practical and conve! 
form for adding fer 
loys to the cupola 


See above 


VANADIUM CORPORATION OF AMERICA 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y. -; 


DETROIT .- 


CHICAGO .- 


CLEVELAND. 


PITTSBUE 

















For CORROSION RESISTANCE 


Maximum resistance to atmosphere, acids 


and ofner 


For HEAT RESISTANCE... .. 


Greater scale resistance and durability under 


continuous exposure to heat 








rer CLEANLINESS... .. 


, Stainless vality permits easy cleaning o 
Joslyn Stainless Steels wt Sh Se 
JOSLYN MFG. AND SUPPLY CO., FT. WAYNE 6, IND, ; 





BILLETS- FORGING BARS 
*HOT ROLLED AND - 
COLD FINISHED BARS 





Durable under stress and strain well beyond 


normal requirements 











FOR THE 


FOR PARTS that must have high sur- 
face hardness and wear resistance, that 
must retain hardness at elevated tem- 
peratures, that require high resistance to 
fatigue, a complete line of Nitralloy 
Steels (special U-S-S Carilloy Alloy 
Steels most suitable for case hardening 
by nitriding) is available. Our metal- 
lurgists will gladly discuss their applica- 
tion in terms of your requirements. 


THE TOUGHNESS of alloy steel makes} 
it the right material for the construction 
of forming machinery. The proper steel 
for each application can be designed to 
hold a true shape for thousands of opera- 
tions and to resist the deteriorating el- 
fects of impact and abrasion. 





JOBS OF INDUSTRY 






















. 
= 
—-_ 
a 





OF THE TESTS which attempt to duplicate service « 


- high temperature operation, the long-time “creep 







most significant. The value of research work suc! 
demonstrated in a striking way by the increased 


being reported by central generating stations whi 










of the stronger alloy steels now available for higl t 






service, are able to operate safely at higher temper 


pressures, 
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* Special Heat-Resisting Steels 
* Aircraft Quality Alloy Steels 
* Bearing Steels . . . Nitralloy Steels 


IN ALL GRADES, IN ALL FINISHES, 
AND IN THE WIDEST RANGE OF SIZES 





© meet your present and future needs for 
on én quality alloy steels, two completely 
integrated Electric Steel plants, one at Chicago 
and one at Pittsburgh, are ready to serve you. 


Unequalled facilities for on-the-spot rolling, 
finishing and heat treating permit us to furnish 
electric furnace alloy blooms, billets and bars, 
slabs, plates, sheet and strip, as well as standard 
and spec cial sections. Wide flexibility in furnace 
capacity makes it possible to handle, promptly, 
small orders as well as large. 


In these plants the fine art of steel making has 
been brought to new peaks of perfection. For not 
only are the men who control and operate them 
of thoroughly seasoned skill and experience, but 
they have at their service electric steel production 
equipment as fine, as complete and as modern as 
anywhere available. 

The steels they produce reflect these facts. 
The close controls possible in the electric furnace 
assure consistently uniform response to heat 
treatment and to forging, machining and weld- 
ing processes that can be readily translated into 
better performance of your end product. 





CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh and Chicago 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New York 
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a | 
WHERE PRECISION is a “must,” as with bearings and 
gears, the unvarying uniformity of U-S-S Carilloy Alloy 
Steels helps designers meet difficult performance stand- 
ards. These steels are easy to forge, easy to machine, and 
respond consistently to annealing and heat treatment. 


. . . 


FRAMES, struts and actuating arms of this retractable 
landing gear are made almost entirely of special Aircraft 
Quality alloy steel forgings, that soak up tons of shock 
without weakening or giving way. On larger planes, 
hydraulic cylinders are shaped and welded from alloy 
steel plate. 
































For pit furnaces, direct arc type 
rocking furnaces, for induction 
and high frequency furnaces, for 
all non-ferrous metal-melting ap- 
plications, there is a correct Nor- 
ton refractory cement or prefired 
shape. Any one of a variety of 
mixtures is available, employing 
fused alumina silicon carbide or 
fused magnesia as the basic con- 
stituent—for melting aluminum, 
copper-alloys and nickel-chro- 
mium, nickel-silver, copper- 
nickel and cadmium bronze 


alloys. 
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Tlosrteon 
REFRACTORY 
CEMENTS 


NORTON COMPANY 
Worcester 6, Massachusetts 
















































NORTON ABRASIVES. 






-_ new Electro High-Speed 
Grinding Wheels afford faster cut- 
ting without troublesome heat de- 
velopment whether the grind is for 


snagging or for fine finishing. 


We believe that war demands 
made it possible for ELECTRO to 
show cooler cutting at higher speeds, 
and present high state of perfection 
will be the basis for further gains. 
All we ask is opportunity to prove 
the cooler cutting at higher speeds 


of our wheels. 


© 
“as Owes’ Pine, 
“> a 
Sas 


» p> 
_ 


: 
c 
> : 
7 
‘ 6 
‘ 


Will you wire us?—or phone us at Buffalo, WAshington 5259? 


Mfrs. of Crucibles ©* Refractories * Stoppers ©* Alloys © Grinding Wheels 
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Q. WHAT IS SULFITE-TREATED STEEL? 
A. It’s steel which has been mixed with sodium-sulphite while the steel is in the molten state. This 
is known as the Sulfite Process. It’s an exclusive Wisconsin Steel development. 

Q. WHAT DOES THE SULFITE PROCESS DO? 
A. It cleanses the steel of abrasive oxide inclusions and it adds a small quantity of sulphur to 
the steel in a widely dispersed state. 

Q. WHAT IS THE EFFECT OF THIS PROCESS? 
A. The machinability of the steel is tremendously increased. Tool life is greatly extended — often 
as much as 200°%~—and production costs are slashed. 

Q. DO SULPHUR ADDITIONS EVER HAVE DISADVANTAGES? 


A. Yes, but the Sulfite Process is not an ordinary sulphur addition. The Sulfite Process has absolutely 
no effect on the surface condition or the physical properties of the steel. An added advantage i 


the constant uniformity of Sulfite-Treated Steel 

Q. HOW ABOUT STEEL THAT IS HEAT-TREATED? 
A. Tests have proved that Sulfite-Treated Steel can be heat-treated and the results will still be 
the same -— far greater machinability. 

Q@. CAN SULFITE-TREATED STEEL BE APPLIED TO A WIDE RANGE OF PRODUCTS? 
A. It is used for everything from crankshafts and axles to wrench sockets and gears. In every 
application, production costs were cut and a better finished product obtained. 

Q. IS IT POSSIBLE TO SULFITE PROCESS ANY STEEL? 


A. Any steel can be Sulfite Processed. In every case, beneficial results will be noted. But benefits 
are most pronounced in steel with 30 carbon or over. It’s the latest and most practical way to 


increase machinability. 


Consult the Wisconsin Steel sales and metallurgical staffs about your machin- 
ing problems. We are confident that Sulfite-Treated Steel can solve them. 


WISCONSIN STEEL COMPANY 


Affiliate of Internationa! Harvester Company 


180 North Michigan Avenue Chicago 1, Illinois 


SCONSIN sree 
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ways to fasten 
SS Securing Covers: Covers of 
metal parts tll all kinds, with or without 


™ 1 e gaskets, can be secured quck- 
Ww ' ly and easily. Usually the 

in Yo second ith >< cover itself can be used as a 
' template; studs are welded 


} ; F q S 0 N assomaie ® ; through the cover holes. 
. 
T t y W rt I y I N (> Pipe Hangers and Brackets: 
There are scores of faster, bet- 


ter ways to secure pipe, tub- 
ing or conduit with stud 
welding. Welds can be made 
in all positions; welder is com- 
pletely portable. 











Securing Hearth Door Re- 
fractory: Plain studs welded 
to frame and water tubes se- 
curely hold refractory. 
Method has many practical 
furnace and firebox uses. 








SHOULDER STUDS < | —sd 











Metal Liners and Jackets: 


The shoulder stud provides 
correct spacing between liner 
and casing or jacket, and no 
holes pass through the liner ® 
which can be left smooth and 


unblemished. NX (A | 














The NELSON Stud Welder is fully portable, 


works from any standard welding generator, and 


Securing Pipe, Cable and 
Hose: Shoulder studs provide 
a fast, convenient method of 
attaching many types of pipe, 
conduit, cable, tubing or hose; 
three typical applications are 
illustrated at left. 


° ‘ ! LA . | a 
welds in any position. Studs from '4 to 44 in 
diameter and up to 8” in length are welded with 


', second. 


complete fusion to metal in 

To speed production, to do a better job faster, 
I } 

put this versatile tool on your job. The facts are 


yours for the asking .. . 





m= WRITE NOW for complete information, 


or to arrange a demonstration in your own shop Securing Brackets over 


Lagging: Brackets for pipe, 
gauges, etc., may readily be 
ISON SALES CORPORATION attached through boiler or 
LORAIN. OHIO tank lagging with shoulder 

Representatives and Distributors for studs, which can also be used 


Nelson Specialty Welding Equipment Corp Nelson Stud Welding Corp. to secure the outer jacket. 
San Leandro, California Lerain, Ohio 


at your convenience... 


OTHER NELSON FLUX-FILLED STUDS 


PEP2LZLALGLEFP? 


EYE BOLT BATTEN METAL LATH LAGGING METAL LATH GROOVED STIRRUP FEMALE 
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- t . . d : 
CRUCIBLE MELTING FURNACE fom it Preheat Guible is 2° & heron 





Crucj On c oe 
metal. Pp’ the sole is being ville. Whi, Stes 


WITH 18 ADVANTAGES changed Pe Oh Teer thd 







hear ¥ Swin ; © recei,, 
metal . €ucible ging them 1gps wulically, are fal . 
, cib in in mute) ie 
1. 25 to 30°), fuel saved on aluminum and magnesium. 40 to o-" Th adv preheated uct fired while® the pre. 
50% fuel saved on brass and copper. here afford ages are © newly pla —- Cold 
’ : a Se Ou aCed ¢ 
2. 50 to 100% longer pot life. types po x st tiene older type andin that. 
3. 50 to 100% longer lining life. *Vailable. ¥Pe “Tucibles tion Shown W 
4. 50 to 100% longer cover life. ch tilting 
5. 50 to 100% longer burner life. Ba 
6. Easy to charge. (No flame through cover) fai 
7. Far lower metal loss. (Flame does not impinge on metal) its 
8. Faster heating. (Combined radiant and convection heating) 14. Furnace can be flued through the floor to the outsid be 
9 eliminating heat and gases in foundry. for 





. Less slagging. (Less slagging and no slag build up possible) 





15. No leakage of cover. (No flame through or around cover 





. Lining is easy to replace. (No burner ports) 





16. Quiet operation. 


= 
= 


. Burners easy to inspect and replace. (Change in 15 minutes) 






12. Burners cannot plug. (Burners in top where slag or metal 17. Unobstructed flueing. (Flued at bottom and charge does Di 
cannot reach them) not affect it) i 

13. Pure metal. (Neutral pressure on metal surface allows 18. Metal is visible at all times and temperature can be taken 
charcoal or atmosphere to be used) at any time, without shutting off burners. 











RADIANT WARREN 3 conse. | Please give us further information 
COMBUSTION, Inc. | &"” 


Your Name 







BUILDERS OF EVERY TYPE (OIL, GAS, ELECTRIC) 
OF HEAT TREATING FURNACE Address 


WARREN : ‘ chet City State 
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4 Complete Integrated Service on Aluminum Forms 













REYNOLDS 


PRODUCTS INFORMATION 
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FORGING STOCK = BULLETIN 23-A 
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3 
Re pee ae Chto ted ee boi ae gx c 
F z= 
cry. 7 ars 5 & c 
od #@/ ALUMINUM COATINGS mf BULLETIN 21-B emmre eS 
- 2 n .= . 
. } r ; ELS = 
id ei | 2: 4 
; ; I <3 2 
: allo: Was tomaper? What form? Ask us! 1 sap 
; ae ae; J Fa 22 = 3 
| Bock from the war, covered with glory, aluminum is the public's . ee & 
fair-haired boy. Everyone knows about it, talks about its light weight, , 5H = 
its great strength, yet many engineers may not realize the vast num- 2 é ; 
ber of combinations available today—the alloys, the tempers, the . te 5 
forms . . . the great importance of careful selection! << “ | - 
ver <2 = é 2 z “A 
Use coupon at the right for complete information on each form. I A A e ZE&6 
ices | ~«<OF Phone nearest office. Reynolds Metals Company, Aluminum i 2 & 
| Division, 2519 South Third Street, Louisville 1, Kentucky. I< 
_ 
ken = 
For Designers and Engineers—Catalog 100-A + 
———_—_——_ 






CONSIDER ALUMINUM ... CONSULT REYNOLDS 


OF: REYN OLDS 
aK ALUMINUM 
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Now that Tungsten high-speed steel can be 
supplied as needed, manufacturers are returning 
to it for the well-defined uses in which it sur- 
passes all other materials. 

Very rapidly, since Government restrictions 
began to abate, the volume of Tungsten going 
for civilian requirements has increased month 
by month. An informative book, entitled ““Tung- 
sten Steels,” has been prepared by the Molyb- 
denum Corporation. It deals with both scientific 
and practical considerations, and recommends 
procedures that have been found to yield best 
results. A copy of this publication will be mailed 
on request. Correspondence is invited concern- 


MOLY BDENU 
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ing any application of Molybdenum, Tungsten, 


or Boron. 


AMERICAN Production, American Distribution 
American Control--Completely Integrated 

Offices: Pittsburgh, New York, Chicago, Detroit 

Los Angeles, San Francisco, Seattle 

Sales Representatives: Edgar L. Fink, Detroit; H. C 

Donaldson &Co., Los Angeles, San Francisco, Seattle 

Works: Washington, Pa.; York, Pa 

Mines: Questa, N. M.; Yucca, Ariz.; Urad, Colo 


CORPORATION OF AMERICA | 


GRANT BUILDING PITTSBURGH, PA. 
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e controlled 


Structure Controlled Annealing is 








proving its value to production 
men of long experience with alloy 
steels. Whether your steels are 
standard or resulphurized their 
maximum response to machining 
can be best developed through 


Structure Controlled Annealing. 











December. 
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Specify MISCO 


HIGH TEMPERATURE ALLOY 


CAST AND ROLLED 


MISCO METAL PERFORMANCE is assured when you specify cas 
PIPE and rolled Misco alloys for fabricated heat resisting 
equipment. Avail yourself of our complete facilities 

Cast or Drawn for furnishing high temperature alloys in both ca 
and rolled form. By various uses of cast and rolled 


CAST MISCO Misco alloys, the construction of heat resisting equi 


ment can be varied to meet specific operating demand 

METAL The Misco Metal hood, illustrated, for use in bel 
type furnaces, is a typical example of fabricated rolled 
and cast Misco alloy materials. The structure is ¥ j 
diameter x 16’ tall and weighs 850 Ibs. We offe 
prompt service and delivery on Misco high tempera 
ture alloy sheets, plates, bars, tubes and welding rod 
to any point in the country. We stock over 200 item 
in the iaiooing analyses. 


MISCO METAL 35 Nickei—i5 Chromium—Type 330 


MISCO “B” 25 chromium—12 Nickel—Type 309 


ROLLED MISCO Sheet Plate = 
METAL Rounds @ Squares 
Sheet and Plate Hexagons a Flats =< 
Pipe O 


Gas and Arc Welding Rods, plain and coated, 
in Types 330-309-310-312-316-308-430-446, 


Monthly inventory and price lists available at your request 


SPECIFY MISCO wicu remperaTuRE ALLO 
CAST « ROLLED « FABRICATED 
for all Heat Treating Equipment 


FURNACE PARTS e ROLLER RAILS ¢ ROLLER HEARTHS ¢ CONVEYO 
ROLLS e TRAYS e RETORTS e CHAIN @ MUFFLES e WALKING BEA 
CONVEYORS e CARBURIZING AND ANNEALING BOXES « DIP? 

BASKETS e« CYANIDE AND LEAD POTS e THERMOCOUPL 
PROTECTION TUBES ¢ PICKLING EQUIPMENT e CENTRIFUG 
CASTINGS e MISCELLANEOUS CASTINGS AND ROLLED BAR 
SHEETS, PLATES, TUBES AND WELDING WIRE FOR USE A 
HIGH TEMPERATURE OR UNDER CORROSIVE CONDITION 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


One of the World’s Pioneer Producers of Heat and Corrosion Resisting Alle 


1999 GUOIN STREET DETROIT 7, MICHIGA 
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=~ 


PITTSBURGH 


x 


MN 


VANDERGRIFT 

























' NEW CASTLE 
ae 


YOUNGSTOWN 


CANTON 


ROLLING MILLS 


Blooming: Slabbing * Plate «Universal 
2. 3, 4-high - 4-high Hot Scrip: Bar 
Rail and Structural « Merchant Rod 
Sheet - Skelp * Pipe and Tube ~ 2 and 
4-high Cold Strip « Tin - Unitemper 


In all types: Single Stand, One Way 
or Reversing, Tandem, Continuous, 
etc. For Carbon Steel, Alloy Steels 
Copper, Brass, Aluminum and other 
Non-Ferrous Metals 


ROLLS 


“UNEFCO” Green Wabblers, Grain 
and Chill United Nickel Chill 
United Moly. Chill United Spec 
Process * UX Chill and Grain - H.D 
Spec. Process Lincoln Special 
United Unidense United Special 
Steel - United Carbon Steel - United 
Adamite - United VAN-X * United 
Super X * United Straight Chill. 





Serving the Metal Processing Industry 


UNITED ENGINEERING AND FOUNDRY CO. 


The World's Largest Designers and Makers of Rolls and Rolling Mill Equipment 
TYPICAL PRODUCTS MANUFACTURED BY UNITED 


EQUIPMENT 


Ingot Cars 

Manipulators 

Edgers 

Mill Tables 

Transfers 

Hot Beds 

Structural Straighteners 

Bloom Shears 

Vertical Shears 

Hot and Cold Saws 

Rod Reels 

Hot Strip Reels 

Flying Shears 

Shearing Lines 

Slitting and Trimming 
Lines 

UNIDRAW —Continuous 
Draw Benches 

Steam Hydraulix 
Forging Presses 

Electro-Hydraulic 
Forging Presses 

Electro-Hydraulic 
Piercing Presses 

Hydraulic Presses 


@) 


Serving the Rubber, Plastics and Plywood Industries 


ADAMSON UNITED COMPANY * 


Subsidiary of United Engineering & Foundry Co. 
TYPICAL PRODUCTS MANUFACTURED BY ADAMSON UNITED 


AURILIARY 

























Universal Couplings 

Welding Manipulators 

Plate and Squaring Shears 

Precision Levellers 

Cone Type Uncoilers 

Coil Boxes 

Upcoilers & Downcoilers 
(Strip) 

Cold Serip Reels 

Cone Worm Drives 

Gear Reduction Units 

Gene rated Gears and 
Pinions 

Continuous Strip Picklers 

Sem:-Continuous Strip 
Picklers 

Rotary Serip Picklers 

Electrolytic Strip Cleaning 
Lines 

Electrolytic Strip Tinning 
and Coating Lines 

United Mill Lubric atung 
Systems 

Material Handling 
quipment 

Portable Crop Shears 

Lever Shears 

Roll Lathes 

Pressuremeters 

Heavy Weldments 

Annealing Boxes 

Steel Castings 
















































t > = 2 


AKRON Washers Vulcanizers é @: 


Mills Calenders Autoclaves Automatic Curing Presses 
Refiners Tubing Machines Hydraulic Presses Belt Curing Presses 

Crackers Large Molds Multi-Platen Presses Compression Molding Presses 
Mixers Pot Heaters n Plywood Presses 






Auxiliary Equipment 





"Formerly ADAMSON MACHINE CO. Akron, Obie 





UNITED ENGINEERING AND FOUNDRY COMPANY 


PITTSBURGH, PENNSYLVANIA 


Plants at Pittsburgh - Vandergrift - New Castle - Youngstown +- Canton 
Subsidiary: Adamson United Company, Akron, Ohio 
Affiliates: Davy and United Engineering Company, Ltd., Sheffield, England 
Pe i) ee ee | 
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y 


..our customers 
tell us that 


MEE cease STEEL 


“Eliminates all their trouble’ 


Wilton Tool Company complaints, due to brittle vise jaws, 
were completely eliminated by using SPEED TREAT Steel. 
Jaws made of SPEED TREAT show no wear after months of 

* use and — SPEED TREAT reduced cost of heat treating 25%! 
You, too, can save with SPEED TREAT. 


“Machines 20% to 40% faster 
than X1020, X1314, etc.” 


Five different parts made from SPEED CASE STEEL. Savings, 
says Pierce Governor Co., on machinability are from 20% 
to 40%. Savings on broaching, alone, in 7 months were 
$2,000. “It's stronger, tougher and longer wearing than 
any steel ever used.” Warpage rejection reduced 22% to 
35%. TRY SPEED CASE—!IT MAY SAVE YOU MONEY! 


SPEED TREAT saves Chas. Drexler Co. enough in TIME and 
trouble to pay for itself! “We actually receive the material 
FREE.” It saves many remakes because hardening comes 
through as anticipated — free cutting qualities give pleasing 
finish. TO MAKE MORE MONEY, USE SPEED TREAT STEEL! 


“Costs them nothing” 


Altho’ 1020 CR steel costs less, Meier Electric & Machine Co. 
saves 6c to 7c per pulley hub by using SPEED CASE STEEL 
on the screw machine operation. Since a pound of steel is 
used in each hub, SPEED CASE SAVES THEM ITS OWN 
ENTIRE COST! Maybe YOU can get YOUR steel! for nothing! 


WRITE FOR CATALOG 
Our Metallurgists are at your service 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND . INDIANAPOLIS ° CHICAGO 
PECKOVER'S LTD., Toronto, Canadian Distributor 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 
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HEN improving present 

products or designing the 
ew, think of forged steel parts. 
a dependable source of these, 
ink of Tube Turns. This ideally 
xated organization maintains 
trything necessary for the mass- 
roduction of better forgings. Every 
ration is centered under one 
vf, one responsibility. 
Tube Turns’ plant includes mod- 
‘0 mechanical and upset press 


BETTER SERVICE x ZezZie Forgings 


equipment up to 9 inch capacity, an 
unexcelled die design department, 
a major tool and die shop, com- 
plete laboratory facilities, complete 
heat treating facilities, rough ma- 
chining facilities, and men whose 
experience (founded upon the 
exacting requirements involved in 
the forging of Tube-Turn seamless 
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welding fittings) has fulfilled many 
forging assignments with efficiency 
and dispatch. 

Please feel free to call upon Tube 
Turns’ engineers for any kind of 
consultation about forged steel 
which may be helpful to you. No 
obligation, of course. TUBE 
TURNS (lac.), Louisville 1, Ky. 


forgings fe ? Qu ae te 














Here’s the B & G Series 1522, the pump that licks tough pumping situations 
URES ... Offering a combination of features which make it immune to usual 
' 7 AT causes of pump trouble. 
The motors employed are standard units, readily obtainable from 
OTORS motor manufacturers’ stocks. A Mechanical Seal, instead of a stuffing box 
adds materially to the length of trouble-free service, especially where the 
pumped liquid contains foreign matter which is damaging to the ordinary 
stufing box. The Seal is self-lubricating and eliminates the customary 
OUPLING leakage through the packing gland. 
The unit is easily serviced. Removal of a few bolts permits separation 
° € into three parts—motor, bearing bracket sub-assembly and pump body 
© servic Ihe bearing bracket sub-assembly, including shaft and sleeve bearings, is 
° PARTS manufactured to close tolerances and is interchangeable in all B & G 
INTERCHANGEABLE Series 1522 Pumps. 
hese pumps are available as all-iron, bronze-fitted or all-bronze units 
DESIGN They are machined to exacting specifications and accurately assembled 
under close inspection—in every detail designed to give long, dependable 
service. Send for descriptive literature. 


7 BIG 


. 
STANDARD M 


- 
MECHANICAL SEAL 


7 
Cc 
spRING-TYPE FLEXIBLE 


EASY T 


* 
COMPACT 


7 
COMPETITIV 





B & G CENTRIFUGAL PUMPS 


! A complete line of pumps with semi-open or enc! 
impellers. Motors flexible coupled as illustrates 


integral with pumps. Send for catalog CP-843. 


x4 + . ~~ a ; 7 
NEW STANDARDIZED — 
8B & G OL COOLER 
Latest advance in self-contained units—offer ag 
ing custom-built quality at mass productios 
prices. Capacities to 2000 Ibs. of steel per hou 
a 


BELL & GOSSETT COMPANY, Dept. H-16, MORTON GROVE, ILL 
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‘ orporation 
business relation nip 


We avow to continue 


© OFA 1941 
FERRO SILICON 50°., 75°, 85°, 90% 


i, C. FERRO CHROMIUM + FERRO MANGANESE 
BOROSIL + SIMANAL 


————=BRIQUETS | pio Vtt0- WY Y Loiporalin 


SILICON * MANGANESE ¢ CHROME hoanton lien 














Chicago Detroit Pittsburgh San Francisco Tacoma 
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$0...NOW WE'RE BACK WHEF 
ARITHMETIC REALLY COUNTS 


This is pre-war stuff. 


We cite it because it bears directly on the kind 
of goods you will make from now on, for Joe 
Civilian .. . remember him? 


Production cost savings which must be made to 
maintain that better-than-pre-war standard of 
living necessary to your expanded facilities CAN 
be made in metal working industries by the 
application of Federal Resistance Welding. 


The cost arithmetic shown is from the records 
of one of the country’s leading manufacturers. 
Three Federal Seam Welders of the type shown 
on the next page were installed in their plant. 
Their use resulted in annual savings of $18,000 
in costs. A report of 2% years operation showed 
the welders had paid for themselves and returned 
$24,000 profit. 


Except for the fact that it is comparatively a 








ab 6 





"MACHINE AND WELDER CO. 
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modest example, this is typical of direct savings 
achieved when a product and Federal Resistance 
Welding are brought together by careful engi- 
neering and design. Such records are not limited 
to any one type of metal working industry. 
Successful applications cover everything from 
small parts assembly or joining stainless steel 
blades to mild steel handles for tools or cutlery, 
clear through all branches of sheet metal fabri- 
cations (including refrigerator liners, casings, 
grilles and parts) to heavy flash welding of steel 
ring gear blanks ten or more feet in diameter, 
with solid cross-sections of eighteen inches. 


To find out how Federal Resistance Welding can 
affect the arithmetic of your particular production 
problem, send 





your specifica- 
tions for applica- 
tions analysis 




















THIS FEDERAL 
RESISTANCE 

SEAM WELDER 

Seam weld; multiple, 
leak-tight joints like 
this. 


INSTALLED BECAUSE IT CUTS COSTS 
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}THIS KIND OF 





n 

| 

i. 

Sy 

2 

Pe 
THIS FEDERAL 
RESISTANCE 
SEAM WELDER 
Seam welds refrig- 

J erator casings like 





this. 


THESE FEDERAL 
RESISTANCE 
WELDERS 

All standard mod- 
els, attain high 
’ production in as- 
sembling small 
parts components. 





238 DANA ST., WARREN, 0. 
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VERSATILE MODERN 
PRODUCTION TOOLS 


NEW HYDRAULIC WELDERS 


Two new models of spot and projection 
welders, hydraulically operated, are de- 
scribed for the first time in detail in 
Bulletin 4520 issued by The Federal 
Machine and Welder Company. One 
type, available in three sizes with 30, 
50, or 75 KVA transformers, employs 
an inverted hydraulic cylinder in which 
the piston rod is the fixed member 
mounted on a unique adjustable connec- 
tion which provides for close timing 
and quick follow up. A larger model, 
available in two sizes of 100 and 150 
K VA also is described. Complete speci- 
fications are listed. 





HOUSEWARE PRODUCTION 


Anticipated expansion of houseware 
production points up the advantages 
of Federal resistance welding for the 
fast, low cost application of handles to 
enameling steel or aluminum pots and 
pans. Press type welders are used, with 
dies that permit rapid loading, give pro- 
duction of 500 to 800 handles per hour, 
depending upon type of handle applied. 
Cost with one manufacturer is one-fifth 
previous method. 


HOW TO MAKE PROJECTIONS 


Interesting and useful information on 
machines and methods for projection 
resistance welding is included ina new 
sixteen page booklet just released by 
The Federal Machine and Welder Com- 
pany. There are descriptions of various 
types of projections, tables of proper 
measurements for projections and com- 
plete data on twenty varieties of welders 
adaptable for either projection of spot 
welding. 


Several interesting special applications 
are illustrated. These include an eight- 
station dial-feed fixture for automatic 
welding of radar tube assemblies at 
high speed; a dual head for series pro- 
jection welding; a special fixture for 
welding aircraft heat exchangers; sev- 
eral air clamping fixtures for quick load- 
ing and unloading of work in welding 
dies; a machine that automatically welds 
nails to trim moulding. 


Special equipment such as rubber heads, 
air-lock heads and anti-friction slides 
also are shown. The book is available 
on request... Bulletin 4520. 





FOR CONTAINER MAKERS 


A special book of particular interest to 
container manufacturers is in the list of 
literature available on request at The 
Federal Machine and Welder Company. 
Principal theme is description of a com- 
plete steel barrel welding plant. Several 
special machines for resistance welding 
a variety of metal containers are illus- 
trated. Bulletin SP 4520. 











Fastest Saws Give Fastest Service 


With these four modern MARVEL SAWS, 
the Hamilton Steel Co. of Cleveland is 
building a reputation for fast service on 
orders for accurately cut lengths and pieces. 
They use a Universal No. 8 MARVEL 
Metal-cutting Band Saw for the big work 
up to 18” x18"), for angle cuts (at any 
angle in a 180° radius), for notching, 
mitering and roughing to size and shape. 
For high speed cutting-off from bar stock 
up to 10” x10", they have three No. 9A 
MARVEL Production Saws. These “fastest 
saws built” are used for cutting-off single 
pieces, or with their automatic bar-push- 
ups, for automatically reducing single or 


For quick reference see our section in Sweet's File 


nested bars to slices (as gear blanks) or 
identical lengths, faster than is possible 
with equal accuracy, by any other method 


With 9 distinct types of MARVEL Metal- 
cutting Saws; with the positively unbreak- 
able MARVEL High-Speed-Edge Hack 
Saw Blades; and, with MARVEL Band 
Saw Blades, the MARVEL System of 
Metal Sawing has a better way for doing 
innumerable metal-cutting jobs. If you hav: 
a dificult metal sawing problem or jus 
want a saw, MARVEL is your logica 
source. Write us or check with your loc 


MARVEL Distributor. 


Mechanical Industries, or write for catalog 


ARMSTRONG-BLUM MFG. CO. 


“The Hack Saw People” 


5700 Bloomingdale Ave. 


Chicago 39, U.S 


Eastern Sales Office: 225 Lafayette St.. New York 12, N. ¥ 
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\t last! Industries’ new and revolution- It contains a brief record of the his- 





ry heating process explained in a lan- torical background and development of 






wage understandable to everyone. In the process — explains the principle of 
ifteen minutes reading time, you will jt operation — describes the two chief 
uin a complete basic knowledge of 
‘leetronie Heating. This important 
andbook discusses all the essential facts 





methods and fields of application and 
lists many proved present-day uses. 


u have to know in considering the Let us send you a complimentary copy 
yplication of Electronic Heating to at once. Fill in the coupon or write on 
ur own manufacturing methods. your company letterhead. 


anufacturers of Vacuum Tube and Spark Gap Converters since 1921 


USE THIS COUPON FOR CONVENIENCE 


e *fe e 1 Screntiric Evectric I 

107-118 Monroe Street, Garfield, N. J. I 

Please rush my complimentary copy of The ABC I 

of Electronic Heating today to: ! 

DIVISION OF “S" CORRUGATED QUENCHED GAP COMPANY | Name Title | 
I | 

107-118 Monroe Street Garfield, New Jersey i Company Address i 
| City State | 


bee SE oe eae oe od 
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Lindberg Hydryzine Purnace. 


NATIONAL HYPERBO 
BURNERS 


National Hyperbo Burners are 
sealed-in gas flame ports noted 
for convenience of installation, 
freedom from damage by re- 
flected heat, and quiet operation 
They have an exceptionally long 
turn-down range, ignition sta- 
bility, are positively sealed 
against either flame leakage or 
air infiltration, and have a safe, 
integrally mounted lighting 
burner. 

The Hyperbo Burner holds a 
blast lame without blow-off or 
smothering, with mixture pres 
sures from 0.25” WC to 25” W< 


NATIONAL TORCH TIPS 


For open fired ports or tuyeres 
using high or low pressure gas 
National Torch Tips offer a dis 
tinct advance in practical design 
Numerous small orifices assure 
a more uniform distribution of 
the piloting fringe gas and hence 
a more stable ignition of the 
main jet. Nickel cast iron con- 
struction with heavy undimin- 
ished section back of the burner 
face provides a metallic path for 
the eceatinn of reflected heat. 
Destruction of the burner face 
by excessive temperatures is thus 
prevented 


NATIONAL BLAST LINE 
BURNERS 


When lighted or piloted at any 
one point, the flame travels in 
stantly to every inch of the burner 
assembly. Postitive, safe igni 
tion ts thus assured in oven en- 
closures where parts of the 
burner may be inaccessible for 
lighting. These burners operate 
equally well on all types of gases 

These units are showing re- 
markable results as furnace door 
curtain burners. They are also 
finding wide usage for flame an- 
nealing of localized areas, tem 
pering drill shanks, heating 
angles, rods and tubes for bend 
ing. and relieving welding 


National Blast Line Burner used as curtain burner on 





FOR MOST 
EFFICIENT 
USE OF GAS 


A COMPLETE LINE OF BURNERS 
FOR ALL INDUSTRIAL USES 










NATIONAL PROPORTIONAL MIXERS 


National Proportional Mixers employ ai: 
from a low pressure fan or blower—no com 
pressed air needed. They thus achieve af /ou 
cost the recognized advantages of supplying 
combustion air under positive pressure. These 
mixers utilize the entrainment principle of a 
venturi to provide automatic, precise, sing! 
valve control of gas-air mixture ratios—elin 
inating the errors in judgment always pos 
sible where control of the gas and air valve 
is manual. 

They permit an exceptionally wide rang 
of burner turn-down—as much as 7 to l— 
while maintaining CO) in the products of 
combustion within narrow limits. Only 




























vw 
single valve need be operated for contro! of c 
both air and gas, and this can be operate 10th 
either automatically or manually 
: ; Irnac 


LO-BLAST POWER 


GAS BURNER 
ma! 
For firing b« : 1a! 
furnaces. Intr i 
under pressur th acars 


gas stream 
completeness otf 

tion not poss " 
natural draft 

to $5,000,000 I 





For complete engineer 

ing data, send for the 
; 

National Manua/ 


~ 
~~ 
~ 





stresses. 
~ 


INDUSTRIAL GAS BURNERS 


division of Mid-Continent Metal Products Co 
1960 Clybourn Ave., Chicago 14, Illinois 
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Here are the observations of W. A. Silliman* 












For 2years CLEVELAND 
TRACTOR CO. nos used 


Ajax-Hultgren furneces 
for carburizing trens- 
mission and differential 


gears, stem pinrons, 





spline shafts, and other 
heavy-duty tractor parts 


~~ 


i 


“heen sents hy TEN “ 


CLEVELAND TRACTOR CO. 


REDUCED Scrap Betow 1/10 oF 1% 


...avings due to lowered distor- 


tion alone paid for furnaces. 
Says W. A. SILLIMAN, Chief Metallur gist 


“The floor space now used is 1/4th that required by 
former methods, and the cycle has been cut from 8-hr. to 


4-hr. total time. This has provided us with greatly 


“Changeover from gas to salt baths has solved our increased output. 


mjor problem of distortion. It has cut rejects from “We believe this due to inherent advantages of the 


v 


¢ to zero, and on high speed parts from 50% to method, the uniformity made possible by the internal 


0th of 1©. Reduction in scrap has paid for the heating and circulatory effect of the closely-spaced Ajax- 


lurnaces. Hultgren electrodes, as well as a more uniform quench 


‘Where it was necessary to plug-quench gears in order than was possible by previous methods. 


Maintain size, it is now possible to run all of these These observations were made during a recent 11-month 
yars by direct quench from the bath. period, during which 339,229 lb. of parts were carburized. 





*From a paper “Liquid Carburizing of Transmission Gears,” available on request. Write for this and Catalog 107-B. 


AJAX ELECTRIC CO., INC. 
Frankford Ave. at Delaware Ave., Philadelphia 23, Pa. 





THE 


AJAX ELECTRIC SALT BATH FURNACE 


HULTGREN 


Ajax Metal Co. © Ajax Electric Furnace Corp » Ajax Engineering Corp . Ajax Electrothermic Corp 
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There are 
not many VICTOR 
users who have ever 
changed to other 
makes of gas weld- 


ing or flame cutting 


equipment 


EQUIPMENT COMPANY 
844-854 FOLSOM STREET 
SAN FRANCISCO 7 
CALIFORNIA 
Be 4 
aoe 


Photograph by courtesy of Matson Navigation Company 
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HORSE-DRAWN 
BINDER 
it 
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‘ by PRE g 
fe eer yy « 
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Back in the days of the old two- 
horse-powered binder, when “farm- 
er” and “laborer” were well nigh 
synonymous, Holcroft developed 
such heat treat furnace innovations 
as alloy conveyors for continuous- 
type furnaces and the removable 
electric heating unit. In suceeding 
years, Holcroft has pioneered many 
other improvements in furnace de- 
sign—improvements which have 
helped lower the cost and increase 
the durability of today's labor- 
saving farm equipment and other 
essential metal products. 





Every Holcroft furnace is indi- 
vidually engineered by an organi- 
zation of specialists who have been 
a step ahead in furnace design for 
nearly 30 years. That's one reason 
you can be confident that, what- 
ever your requirements in produc- 
tion heat treating, Holcroft furnaces designed for the job will give you 
the quality and volume of production desired, with the utmost econ- 
omy obtainable under your own particular conditions. 






Modern Holcroft 
gas-fired radiant 
tube furnace for 
malleable anneal- 
ing of small parts 
in farm implement 
plant. 










Before you invest in furnace equipment for production work of 
any type, we invite you to take advantage of the specialized know!l- 
edge of our executives and engineers. 





HOLCROFT & COMPANY (i <etenc.. “Oran 


6545 EPWORTH BLVD. - Detroit 10, Michigan ee ocr micl. 


CHICAGO—C. H. Martin, 1355 Peoples Gas Bidg. 
CANADA—Walker Metal Products, Ltd., Walkerville, Ont. 
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Paint Finishes Endure on Properly 
Cleaned and Conditioned Surfaces 


The superior perform- 
ance of a good paint 
system on a surface 
properly cleaned and 
conditioned with 
210 B DEOXIDINE. 


Even a good paint fails 
prematurely on a 
poorly prepared sur- 
face as illustrated by 
the Alkali cleaned 
panel. 
CLEANED with ALKALI CLEANED and CONDITIONED 
with 210 B DEOXIDINE 


Identical Salt Spray Exposure 


CLEAN AND CONDITION SHEET METAL 


Me WA AULLL 





THE 210 B DEOXIDINE process is the simplest and most advanced procedure in metal 
preparation for paint. A minimum of low-cost operating equipment is required there- 
fore, less than the usual amount of operating space is needed. The fewer necessary 

g : 


operations cut the production costs. Time and labor are sav ed and better results obtained. 


APPLICABLE TO LARGE METAL PRODUCTION previously been used for alkali cleaning can be usec 


210 B DEOXIDINE is ideal for completely mecha- Che simplicity of controls of 210 B Deoxidine bat 
nized spray process in power spray washers con and process lead to uniformly good results. 
structed of mild steel. A three stage washer is usually 


sufficient, but four stages are preferable if drawing 


210 B DEOXIDINE is but one of several war-prove 
compounds are present. Deoxidines — each created to meet differing cond 
tions. ACP Technicians will gladly advise with 


A NATURAL FOR THE SMALL PRODUCTION PLANT and suggest the particular ACP products and pro 


210 B DEOXIDINE does not require expensive stain- esses which will efhciently meet your cleaning an 


less steel equipment. Three stage washers which have conditioning problems. Write to Dept. L-12 


MANUFACTURERS OF INHIBITORS AND METAL WORKING CHEMICALS 


fay Cag yh 
AMERICAN CHEMICAL PAINT CO. 
Ofte end Werchone «60s AMBLER totisgic PERMA.  contnttinas 


3665 Palmer Ave., Detroit, Mich. —< 
DISTRIBUTORS Walkerville 


e West Coast Metropolitan New York Area Eastern Ontario and Quebec 
leon Finch, Ltd., 728 E. 59th St. Bricker & Andes, 318 Atlantic Ave. Von Comp Products & Sales Co. 
Los Angeles, Cal. Brooklyn, N. Y. 177 Parliament St., Toronto, Ont. 
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»»-how much for 
ALLOY 
ELECTRODES? 


oy 7 —* of 


Arcos Alloy Electrodes 


often is worth L500 LA 


Compared with the value of the finished welded product, 
the investment in alloy electrodes is infinitesimal. When 
so much depends on so little —demand ARCOS and be sure 


“Don’t be Penny Wise and Pound Foolish” 


TH /REOS 


ARCOS CORPORATION - 306 GULF BUILDING, PHILA. 2, PA. 
Your Arcos Distributor is well informed. Your Arcos Distributor has Stock. 


St. Lows, Me. Machinery 4 Welder Corp. 


Knoxville, Tenn. Siip-Not Belting Corp 
Watkine Tne. 


NEW ENGLAND New Orteans, La. The Gulf Welding Equipment Co Wichita, Kansas 
H. Boker & Co., Ine. Oklahoma City, Okla. Hart Industrial Supply Co 
Pampa, Texas Hart Industrial Supply Co WEST COAST 
MIDDLE ATLANTIC Phoenix, Arizona Arizona Welding Co Bakersfield, Catit. 
N.Y. Root. Neal & Co. Tucson, Arizona Arizona Welding Co Fresno, Catit. 
nna. Royd Welding Co. Tulsa, Oklahoma Hart Industrial Supply Co Los Angetes, Calif. 
rh. M. Vo......s H. Roker & Co.. Inc. Portiand, Ore. 
“Se Arcos Corporation MIDDLE WEST San Diego, Calif. 
ch, Pa. “a “ iams @ Co.. Inc. Albuquerque, N. Mex. Industrial Supply Co. San Francisco, Catit 
rN. Y. : Welding Sepply Co. Chicago. tt. ne oa Machinery & Welder Corp Seattic., Wash. 
» M. Ve. : Welding Supply Co. Cincinnati, Ohic.... Williams & ¢ Ine Sookane, Wash. 
Cleveland, Ohio... . . -Williams & Co Ine Tacoma, Wash. 
Columbus. Ohio Williams & Co Inc 
SOUTH and SOUTHWEST Detroit, Michigan *. E. Philips @ ¢ Ine FOREIGN 
Pouge 17, La.... Louisiana Welding Co. Ft. Wayne. tnd........Wayne’ Welding Sup. « Ine Honolulu, Mawall ..+Hawallan Gas Products, La. 
Texas . Hart Industrial Suppty Co. Mgesas City. Me........Welders Supply & Repair Co Monterrey, M. L. Mexico Flectrodos Monterrey. 8. A. 
Yeuas.... . Champion Rivet Co. of Texas Milwaukee, Wis. sccccecs Machinery @ Welder Cort Montreal, Canada. .G. D. Peters & Co. of Canada. Lia 
t. Tenn... . Sitp-Not Belting Corp. Moline, itt. bet Machinery & Welder Cort Chile, Bolivia, Peru. ...++.....W. BR. Grace Company 


sipment Co 


pment Co 
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CAPACITY. - 
for the hard-to-do 


When the assembly of your prod- 
uct requires a special fastener or 
cold-forged product, call on our 
consultant service to help you at 
no obligation to you. We are 
equipped to manufacture cold- 
forged specialties in a wide range 
of metals, sizes and designs, 
in large or small quantities. In 
most instances, too, you'll find 
that cold-forging your special 
part represents a saving. 


This Decimal Equiva- 
lents wall chart is accu- 
rate to four places and 
signalled in three col- 
ors. Yours at no cost or 
obligation. Just send us 
your name, title and 


address. 





See our Catalog in Sweet's File 
for Product Designers 


JOHN HASSALL, INC. 


Specialists in Cold-Forging Since 1850 
156 Clay Street, Brooklyn 22, N. Y. 


SPECIAL NAILS RIVETS SCREWS 














JAL MAILS RIVETS SCREWS 
SM IBIS SLIAIS SWYN TWID94S 


y | 


relttel| 


~~ a 
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A.L.S.1. S. ALE. 


Alloy Steels for Reconversion 





To take advantage of up-to-the-minute de- 
velopment in the metallurgy of steel before 
improvements can be incorporated in the natu- 
ral course of events in standard steels, specify 


HY-TEN STEELS. 


Immediate shipment from seven convenient- 
ly located stocks. 


ra 


Data sheets gladly mailed on request. 


“THE HY-TEN OF TODAY IS THE 
STANDARD STEEL OF TOMORROW” 


WHEELOCK, LOVEJOY & CO., INC. 


138 Sidney Street, Cambridge 39, Mass. 
CLEVELAND 14- CHICAGO 23-NEWARK 5 - DETROIT 3- 
BUFFALO 10- CINCINNATI 32 











ea 


JOHNSION 


HEAT TREATING 








FURNACES 
For heat treating, anneal- 
ing and carburizing. 


Equipped with JOHN- 
STON “Reverse Blast” 
low pressure oil burners. 
Also available with JOHNSTON Tunnel Type 
gas burners. 





Overfired and bottom vented with vent passages 
under tile floor. Uniform temperature and high 
efficiency. First grade fire brick or insulating 
refractory brick lining. Furnaces are manually 
or automatically controlled. 





ef Furnaces, Burners, Blowers, Contro!- 
lers, Ferges, Torches, Ladie Heaters, «'- 

















MANUFACTURING 
COMPANY her » 


2825 EAST HENNEPIN AVENUE - MINNEAPOLIS 13. MINIS 
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Because of its high strength-to-u ig ht 
ratio and easy-to-clean raberebe, e- 
public ENDURO Stainless Steel is 
an ideal material for food serving 
equipment aboard the modern air- 
liner. Other aeronautical gems 
tions include cabin and upholstery 
trim, engine firewalls, exhaust stacks, 











n collector Co i ht a) 
p 3 oS me , 

“ ve 

e 

\- 

y 


be 


i 





sin many ways 








e smadiéet, dlilienen For further information about these and other 
ARP , ; money-saving reasons for using Republic 

Ordinarily, a damp cloth is all that’s required  prp RO Stainless Steel. write ay aes 

3 to restore ENDURO’s sparkling, sanitary ; 

h appearance in a hurry. For sticky or greasy REPUBLIC STEEL CORPORATION 

g substances, warm soapy water does a thorough Alloy Steel Division + Massillon, Ohio 

y cleaning job with a minimum of time and = ggyygpat orrices . CLEVELAND 1, OHIO 
effort. And no matter how many times it is —_ Export Department: Chrysler Building, New York 17,N. Y. 

§ 

I- 

Ce 

ENDURO STAINLESS STEEL 


TA 


Republic Products include Carbon, Alloy 


Republic ENDURO Stainless Steel—the metal 
that’s clean and as easy to keep clean as glass 
—is the ideal material for all types of food 
handling and preparation equipment aboard 


Reg. U.S. Pat. OF 


cleaned, ENDURO retains its lustrous surface 
—because it is solid stainless steel all the 
way through. 
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Work Starts on 
Brazilian Steel 
Plant Foundry 


Dual purpose facility to cost 
$1,850,000 and will be one of 
most unusual foundries in the 
Western Hemisphere 


CONSTRUCTION of a foundry—one 
of the most unusual in the Westen 
Hemisphere—for the large Brazilian Na- 
tional Steel project at Volta Redonda, 
Brazil, has been started. 


The foundry, according to Roy I. 
Jones, head of the Industrial Engineer- 
ing Division of Giffels & Vallet Inc., L. 
Rossetti, associated engineers and archi- 
tects, Detroit, who designed the com- 
plete foundry project, will produce in- 
got molds and stools, iron grain and 
chilled rolls, steel rolls, miscellaneous 
iron, steel and nonferrous castings. The 
foundry which will cost approximately 
$1,850,000 will pioneer in many ways 
the reduction of hand labor and the im- 
proving of working conditions in the 
Brazilian foundry industry. 

The foundry is a dual purpose facility. 
Half of the space is devoted to highly 
mechanized production systems for the 
regular supply of ingot molds and stools. 
The remaining half of the foundry is 
primarily for production of castings to 
keep the mill equipment in constant op- 
eration, and has facilities and equipment 
capable of producing any casting in the 
entire steel mill. 

The foundry is designed so that ingot 
molds may be poured with bot blast fur- 
nace metal direct from the open-hearth 
mixers. Its equipment includes a cu- 
pola, air furnace, electric furnace, mono- 
Dig mace. nonien nls mace, 
a furnaces) pit type ingot mold 
BV MNpietely mechanized sand 
prea ~ Mean and distribution system, 
casting and cleaning equipment, roll turn- 
ing lathes, and ingot mold milling equip- 
ment. 

The jobbing nature of this foundry’s 
operations requires that it be, in addition 
to an ingot mold foundry, a steel foundry 
one week, an iron foundry the next, and 
perhaps a roll foundry the following 
week. This gave rise to the require- 
ment that, in addition to the charging of 
the cupola, the arc furnace and air fur- 
nace would need to be charged at various 
times both with cold charges and with 
hot charges for duplexing. 

The foundry has been designed for 
ready expansion to provide an additional 
150 per cent capacity. Construction of 
the foundry is expected to be completed 
in about nine months, about the time 
when the main portion of the steel mill 
will be completed. 


Reprinted from STEEL Magazine 








- PTE 


QUALITY PRODUCTS 
SINCE 1908 


Vetal Progress: 





Page 1418 





fime srem 


IMMEDIATE 
DELIVERY 


ALLOY 
and 
CARBON GRADES 
AS ROLLED, ANNEALED 
and 
HEAT TREATED 
MACHINERY STEELS 
COLD FINISHED 
and 
HOT ROLLED 


TOOL STEELS 
HIGH SPEED 
and 
CARBON GRADES 
DRILL ROD—TOOL BITS 


SPECIAL PLATES 
FLAME CUTTING 
FLAT GROUND STOCK 
BROACH TYPE 
HACK SAWS 


BENEDICT- 
MILLER 
INC. 


216 Clifford St., Newark 5, N. J. 


N. J. Phone: MArket 3-600 
N. Y. Phone: REctor 2-2 32 






OY OE RO, 


- 


. 
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The highest quality alloy steels, ARISTOLOY, are only 
an arm's length away. If you need electric furnace alloy 
steels NOW, just reach for your phone and call the 
nearest district sales office. 


The convenient location of our district offices, plus the 
fine facilities offered by our completely integrated plant, 
is your assurance of quick delivery of quality steels. 


If you have a problem, our representatives and field 
metallurgists are available immediately for consultation. 
We invite your inquiries, without obligation, of course. 


ern Ca eae Ke ee Pence al PR 













| BUFFALO CLEVELAND LOS ANGELES SEATTLE 

: Washington 7283 Cherry 1326 Trinity 6333 Elliot 2378 

» CHICAGO DETROIT NEW YORK TOLEDO 

? Harrison 1411 Trinity 1-1760 Cortlandt 7-8314 Lawndale 3996 

' CINCINNATI HARTFORD SAN FRANCISCO WASHINGTON | 
. Bramble 1310R Hartford 7-8131 Exbrook 7018 Republic 8114 










ams: KRISTOLOY STEELS === 


COPPERWELD STEEL COMPANY * WARREN, OHIO 
ARISTOLOY STEEL INTERNATIONAL COMPANY 


EXPORT DIVISION + 815 FIFTEENTH ST., N.W.+ WASHINGTON, D.C. 







STANDARD STRUCTURAL ALLOY STEELS 
MAGNAFLUX-AIRCRAFT QUALITY STEELS ARISTOLOY 
BEARING QUALITY STEELS - CARBON TOOL STEELS 

ALLOY TOOL STEELS + STAINLESS STEELS STEELS 
NITRALLOY STEELS + SPECIALTY STEELS HH] 












a 
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Wha y ou 10ed tl... 
"Whe you need ite FAST? | 


Armour knows what it takes for your heat treat- 
ing... knows that when you need ammonia you 
need it in a hurry! That’s why your orders are 
shipped promptly. What's more, 65 conveniently- 
located stock points mean prompt delivery. 
Many customers receive their shipments of 
Armour’s Anhydrous Ammonia within 24 hours! 


Armour’s Anhydrous Ammonia is pure and 
dry with a Dew Point of —60°F. It’s widely used 
in Nitriding, Dry Cyaniding, Dissociation and 
other applications. Orders be filled in 
either bottle or tube type cylinders. 


can 


There’s no sacrifice in quality with this superior 
service. Armour tests every cylinder for purity. 


So remember: prompt de livery, product de- 
pendability and technical advice are as near as 
your phone. Call Armour today. 


ARMOUR AMMONIA WORKS 


“Headquarters for Ammonia Service” 





A Division of Armour and Company 
1355 W. 31ST STREET, CHICAGO 9, ILLINOIS 
120 BROADWAY, NEW YORK 5, NEW YORK 
Or your nearest Armour branch 
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* INDUSTRY'S FIRST GREAT RECONVERSION SHOW - 


27** HATIONAL METAL EXPOSITION 
and NATIONAL METAL CONGRESS 
* The Time - FEBRUARY 4-8, 1946 

*The Place - PUBLIC AUDITORIUM, CLEVELAND 


BY THE 


* Séonsored- AMERICAN SOCIETY FOR METALS 


In Cooperation With 
THE AMERICAN WELDING SOCIETY 
THE IRON AND STEEL and INSTITUTE OF METALS 
divisions of the A.1.M.E. and 
THE AMERICAN INDUSTRIAL RADIUM 
and X-RAY SOCIETY 


Floor Plans Yow Available 


THROUGH THE 


AMERICAN SOCIETY FOR METALS 


7301 EUCLID AVENUE CLEVELAND 3. OHIO 





| 
R 
: 
S 
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CONTINUOUS CLEAN HARDENING 
IN A RECIPROCATING HEATING MACHINE 


of work from n 





VERSATILE. Adaptable to 4 countless variety 
large forgings. These furnaces may be used for herdening 
ng, normalizing, etc. 
SIMPLE. Simply-designed mechanism f the heat wh 
muffle remains in the furnace at al! times Work in constant 
and so cannot stick to the hearth 
ATMOSPHERE CONTROL. A |, muffle is utilized, mak 
possible to maintain a definite atmosphere eround the work 
widens the range of usefulness to include clean hardening, cart 
and “’Ni-Carbing” 
MADE in five different sizes wi® 
capacities from 10 to 1200 ibs. per 
hour. 
WRITE US TODAY 
al 
a a * ! 
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Good castability, because of their carefully 
developed compositions, is one of the important 
advantages of Red-X Alloys for such critical 
parts as those listed to the right. 


Reduced expansion, so desirable in pistons 
and other castings subjected in use to elevated 
temperatures, is another advantage possessed 


by Red-X Alloys. 


Precise adaptability to specified casting 
requirements because of their range of compo- 
sitions, is also an important reason for the wide 
use of Red-X Alloys in critical parts. 


Write today for complete information on the 
advantages of Red-X Aluminum Alloys for your 
particular applications. 


THE NATIONAL SMELTING COMPANY 
6710 GRANT AVENUE + CLEVELAND 5, OHIO 


ALUMINUM 






HedX 








ALLOYS 







e CRANKCASES 
e CYLINDER BLOCKS i 


@ DIESEL ENGINE PISTONS FOR 
HIGH SPEED LOCOMOTIVES 


@ DIESEL ENGINE BLOWERS 
(ROTORS AND HOUSINGS) 


@ PASSENGER CAR AND 
TRUCK PISTONS 


@ SUPERCHARGER 
HOUSINGS 
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Where you see this name ‘ TEMPERATURES 
ua to 2500°F. 





for your small 
heating operations 








a DRYing job is being done... 


AIR—GASES—ORGANIC LIQUIDS 


Lectrodryer engineers are DRYing 
specialists. We make no claim to being 
any thing more. ‘True, we’ve been called 


in on problems by every industry you 





could name, and have learned a lot 


about what makes them tick. But we’ve with the & U R R E L L 


stuck to the one job—DRYing air, 


gases, certain organic liquids. LITTLE GIA NT 


Many of the tasks assigned to Lectro- 
dryers are nothing the novice should This high-temperature box-type furnace with 
heating chamber 4’’ wide x 31)" high x 4 


tackle. Dewpoints below —110° F. are not ' ' 
deep, provides convenient space for: 


unusual, Air, gases and organic liquids 


are handled in tremendous volumes. Technical Research 


New DRYing problems intrigue us. Heat Treating 


When solved, that industry has doubt- Cement Testing 


less made a big step forward. Processes Ceramic Firing 

. jan : l 

are placed on a scientific basis. No more Glaze Testing 

; : . : Alumina Ignitions 

working with materials or in atmos- 

5 . 
Chemical Fusions 


pheres of varying moisture content. , 
' Insulation Fusing 


Bring your DRYing problems to a Tool Hardening 


specialist. PirrspurGH LECTRODRYER 

For complete information on all types of box 

burgh 30, Pennsylvania. tube, muffle or pit high-temperature furnac 
© ‘ write for Burrell Catalog F-241. 


CorPORATION, 317 32nd Street, Pitts- 








LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 


punts ou Ros BURRELL 
Bigg {e)>)' O43 °4 TECHNICAL SUPPLY COMPANY 
Myce, ie “ 1936-42 Fifth Avenue Pittsburgh (19), Fa. 
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A. Finkl 








© REMEMBER “way back when”. . as youngsters 
we first encountered that jolly ol’ fellow 
pictured above? For weeks his arrival was looked 
forward to and when, on Christmas eve or Christmas 
morn, he popped in with “almost” all the gifts we 
had hoped for—what a thrill that was. His annual 
visit really left us with an IMPRESSION THAT LASTED! 


@ Not that we think we're “Santa”—but we DO 
have “something in our bag” for you. The use of 
FINKL FX .. CUPRODIE .. DURODI .. or SHELL-DIE as 
Hot Work Steels nets MORE pieces per sinking, MORE 
sinkings per die, LESS down time on the forging unit. 
This means greater production efficiency because you 
are really getting 


IMPRESSIONS THAT LAST! 








&® Sons Co. e Chicago 





—the trade mark of TOP QUALITY processed steels 
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“Programs” for Heat 
Treating Saw Blades 


Heat treatment of hack saw 
blades presented an interest- 
ing problem to Armstrong- 
Chicago, 


Blum Company, 
manufacturers of the famous 
“Marvel” line of metal cut- 
ting saws. 


To secure the necessary 
hardness and toughness, as 
well as other metallurgical 
characteristics, it was neces- 
sary to follow a precise cycle 
of temperature control. This 
was achieved by the use of 
Wheelco “Electronic Control 
Principle” Program Control- 
lers on the furnaces, with 
Wheelco indicating pyrom- 








Illustration at the 
top shows the 
Wheelco control 
panel and two 
Barkling furnaces. 
At the right is a 
Wheelco Chrono- h 
trol, with door open 
to show a typical 
contoured disc. 


The WHEELCO com- 
plete line includes Flame- 
otrol combustion safeguard 

Capacitrol pyrometer 
controllers . . . Indicating py- 
rometers ... Pro »portiomnag 
controls Program con- 
trols end a wide range 
of accessories. 





835 W. Harrison St. 


eters for signalling. 


These Wheelco Universal 
Type CHRONOTROLS regu- 
late temperature automatic- 
ally, by means of a synchro- 
nous motor driven dise that is 
contoured to suit the control 
cycle desired. The disc moves 
an arm that is mechanically 
coupled to the temperature 
setting lever of the Capaci- 
trol or Potentiotrol section 
of the controller. This 
Wheelco control setup was 
chosen by Armstrong-Blum 


to secure highest available 
precision, reliability, and 
simplicity. 





WHEELCO 


INSTRUMENTS COMPANY 
Chicago 7, ll. 


——_—, 


Creators of 


“Electronic Principle’ Temperature Controls 
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EXCLUSIVELY 
STAINLESS 


PLATES 
PORGINGS 
BARS 
SHEETS 
AND 
BILLETS 













The production of these large plates falls 
within the classification of routine produc- 
tion at G. O. Carlson, Inc. We are partic- 
ularly well equipped both in engineering 
experience and facilities to produce almost 
any quantity of stainless steel in the forms 
listed at right. Call us for quality service 
on your next job. 


G. 0. Carlson, Inc. 


THORNDALE, PA. 





(Dependability 
Engineering 
Experience 
Quality 
a Service 














‘For Every 











W.C. Dillon & Co., Inc. 


5420 W. HARRISON ST., CHICAGO 44, ILL 





WEIGHTS and 
tensions must 
be accurately 
ond quickly 
dete?mined in 
every industry and service. This 
calls for the dependable Dillon! 
Compact. Simple. Fits practi- 
cally oll setups. Used by Amer- 
ica‘s leaders. Nine capacities, 
500 to 20,000 ibs. Sturdily 
built for all weathers. Instru- 
ment less shackles weighs only 
5 Ibs., 10 oz. Steel carrying 
case. Write for 20 page Cata- 
log, and low prices. Prompt 
delivery. 


Niagara Falls couldn't 
fill this can in 2 years 


Imagine a can towering 7 miles into the 
stratosphere, with a base broad enough 
to cover downtown Pittsburgh—a con- 
tainer of such gigantic capacity that all 
the water roaring over Niagara Falls in 
2 years couldn’t fill it. 

The billions of square feet of material 
required to build such a can represent 
the annual tin plate capacity of Weirton 
Steel Company, the largest independent 
producer of tin plate in the world 

[his large demand for Weirton tin 
plate, like the extensive market for 


aA 


Weirton’s many other products, 
natural result of Weirton Steel C: 
pany'’s rigid control of quality in al 
manufacturing operations 
Weirton has the facaltt: for quality 
Its management, with constant empha 
sis on advanced steel making practice, 
has been an international factor in pro 
gressive industrial thinking. And, it 
completely integrated steel mill is an 
outstanding example of what modern 
equipment can mean in maintaining 


strict product standards 


WEIRTONG@RECD STEEL CO. 


Weirton, West Virginia 


a i Das 








Sales Offices in Principal Cities 


DIVISION OF HATIONAL STEEL CORPORATION 














The crankshaft of a Diesel engine the rotor shaft of a steam 
turbine—-the spindle of a machine tool are typical of the 
‘“‘basic’’ functions forgings must perform in making engines, 
power plants and machinery live up to “their good name’”’ 
in actual service. 
When you buy such a forging, you want faithful adherence 
to specifications but you also want something more. You want 
an inherent quality that spells longevity and freedom from 
trouble. To possess these qualities a forging must be born of 
clean steel and handled with constant skill through all the crit- 
ical stages of forging, heat treating and precision machining. 
It takes equipment, experience and men who really have the 
“*know how’”’ to produce that kind of forging—-and that is the 
only kind of forging worth while buying, if your reputation 
hinges on how that forging performs. Let National Forge tell 


you about it now, for National Forge can serve you now. 


this book? If aaa 
write for it now NATIONAL FORGE & ORDNANCE co. 
IRVINE, WARREN COUNTY, PENNSYLVANIA 
““"WE MAKE OUR OWN STEEL” 





ELECTRIC STEEL HYDRAULIC FORGING VERTICAL HEAT TREATING HIGH PRECISION MACHINING 
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Tool 
Steels 


FOR EVERY INDUSTRIAL REQUIREME 


KR HIGH SPEED STEELS 
R DIE STEELS FOR COLD WORK 
R ole STEELS FOR HOT WORK 
KR CARBON & CARBON-VANA 


SPECIAL PURPOSES 


i TOOL STEELS FOR 








DIUM STEELS 


CHROME VANADIUM TYPE STEELS 


os nA. BOOTH A A- 
Cleveland, February 4-8, 1946 


Vanadium Al 


STEEL COMPANY 


'* 
(one 





oys 


onan STEEL DIVISION 
HOR DRAWN STEEL CO 





Patut 5 “Jimes Paster!) 


WITH 1/33 THE MANPOWER 
WITH LESS THAN 1/2 THE 







































T 
manuf 
TWENTY wastebaskets a a 
minute (with no skilled oper- pe 
ator!) are painted in this It is st 
Midwestern factory, where 
two skilled painters previ- 
ously finished only seven Oo 
baskets a minute. he a 
actic 
With Ransburg equipment, 
two unskilled employes (to Pi 
load and unload the con- he 4° 
veyor) now do the work of ie 
six skilled sprayers and six : 
loaders! 
REVOLUTIONARY and exclusive, Ransburg equipment introduces 
paint, at low velocity, into an electrostatic field established between 
charged electrodes and the grounded article to be painted. Paint par- 
ticles are charged by the electrodes, and thus are drawn to the article’s | 
entire surface—evenly, and with negligible waste! 
Another Ransburg process removes excess paint from drops 50% ... whether your conveyor is monorail, #j—  _ 
dipped articles by Electrostatic Detearing. overhead, spindle or belt-type. 
With Ransburg processes, payrolls go down .. . Consuming less power than a 1,000-watt lamp, 
quality of workmanship goes up... paint consumption Ransburg equipment is adaptable to all spray guns and 
atomizable finishing materials (lacquer, enamel, 
wax and water-suspensions ). Smaller overspray means 
far less booth-cleaning. 
Ransburg equipment requires less ventilation and 
maintenance ... and is capable of any production 
speed desired. 
RA Ay ty. & U cae Write for the illustrated Ransburg folder. A state 
ment of your conveyor-painting requirements will 
place our engineers at your service. 
HARPER J. RANSBURG COMPANY 
PAI NTI N G PROC E S Ss E Ss 1232 Barth Avenue, Indianapolis 7, Indiana . 
D 
F 


Vetal Progress: Page 1426 
£ < 





| INDIA, IN 


THE SCHAFF BUILDING 
1505 RACE STREET 
PHILADELPHIA 2, PA. 


UNIVERSAL GAS ATMOSPHERE GENERATOR 


The UNIVERSAL GAS ATMOSPHERE GENERATOR satisfies a long felt want in most 
manufacturing plants and research laboratories. The generator is universal in that it can be used as an 
EXOTHERMIC GAS GENERATOR, ENDOTHERMIC GAS CRACKER or as an AMMONIA DIS 
SOCIATOR. The one unit is complete with gas mixing machine, catalyst furnace, retort, gas cooling con 
denser, control valves, automatic temperature control, flow scope, pressure gauges and pressure regulator 


It is shipped set up ready for operation. 


OUTPUT CAPACITY of all units is instantly variable, the laboratory unit output is 10 to 50 c.f.h, 
the +100 unit variable from 50 to 100 c.f.h. and the +250 unit variable from 150 to 250 c.f.h. Single re 


action generators are made in sizes up to 2000 c.f.h. 


POWER REQUIREMENTS for the laboratory generator is 1500 watts, for the +100, 4 KW and fo: 
the +250, 7 KW. A minimum supply of water is used for cooling purposes since finned tube heat ex 
hangers are used. FLOOR SPACE requirements are 8, 12 and 14 square feet respectively. 


ENDOTHERMIC REACTION 


18% CO, 34% H:z, 46° N:, 1° (Lean Ratio 
70 F. Dew Point 


19% CO, 40°. H,z, 40° N,, 0 Rich Rati 
15 F. Dew Point 
EXOTHERMIC REACTION 


0.5% CO, 0.5% H:, 89° 
Ratio) 70 F. Dew Point 


10° CO, 15 H., 70 N., 4 
70 F. Dew Point 
AMMONIA DISSOCIATION 


75' H 25°o N. (Residual Ammonia 
50 F. Dew Point 





The chief features which make it desirable are: 
COMPACT, All necessary parts enclosed or mounted. 
MOBILE, Casing mounted on silent casters. 
UNIVERSAL, Three units condensed in one. 
SERVICES, Electric, gas and water by flexible connections. 


HEAT-POWER EQUIPMENT 





REGISTERED PROFESSIONAL ENGINEERS, CONSULTING MECHANICAL AND POWER PLANT ENGINEERS 

DESIGNERS AND CONSTRUCTORS OF SPECIAL MACHINERY, CHEMICAL PROCESSING AND DRYING 

EQUIPMENT, INDUSTRIAL FURNACE AND OVEN INSTALLATIONS, HYDROGEN AND INERT GAS GENER 
ATING AND PURIFYING EQUIPMENT 
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ire 
fom LNILNE 


EVERY INCH 

OF EACH BAR 
TOOL STEEL 
IDENTIFIED 


py COLOR! 





Inventory time or any time... MILNE 





saves you Time, Waste, Trouble 


MILNE TOOL STEELS are identified by overall coatings of various 
lacquer colors sprayed the entire length of the bars. This method, 
developed by Milne, corrects the obvious disadvantages of the com- 
mon practice of marking the bar ends. 


KOLORKOTE offers these advantages to any manufacturer who keeps 
a stock of tool steel on hand: 
More 
4. Furnacemen know what grade they 
are working, and properly heat 
treat it, preventing spoilage. 


1. The grade can be readily identified, 
no matter how much has been cut 
from the bar, because the entire 
surface is completely coated with 
color. 5 


one Tf: 


. burni 
1-7¢ of 
tion 46- 

. Stock clerks can tell at a glance Specifice these 


2. Short ends of one grade of steel now aude atest GF warlous quates repair 
will not be misplaced with other 
grades. But if space is limited, they 
can be racked together without 


losing their identity. 


they have on hand, improving rec- 
ords and assuring much higher HAY 


scrap values. 
also re 


6. Wherever workmen do not under- 
stand English, brand names and 


labels mean little, but COLOR 15S 
UNIVERSAL. 


degree 

3. Bar pieces retain their distinguish- 
ing colors in the machine shop, pre- 
venting errors. 


tially 
steel I 
KOLORKOTE adds a plus to the proved advantages of Milne Tool Hay 


Steels for every metal cutting and forming need. KOLORKOTE wall 
chart, with exact colors, and heat treating information, free on request, 





indus! 





— | 





from the Milne office near you. . F eaaiiine 
: PROO | 
STRESS TT on . ae te 
STEEL 
_ pURNACE TREAT! eee 
A. MILNE & CO corn RAW Ne aireiecetonts TD ayy a 
. * “ ° 2 


ESTABLISHED 188 “HIGHER IN 


*%& NEW YORK 14 
741 Washington St. * 


CLEVELAND 15 
1900 Euclid Bldg. 





6 > aft) ; 
CR 


¥*% BOSTON 9 
109 Broad St. 
*% PHILADELPHIA 6 
337 No. Orianna St. 
% CHICAGO 7 
17 N. May St. 


CONNECTED BY 
BELL SYSTEM 


TELETYPE 
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% PITTSBURGH 19 
604 Frick Bidg. 


WASHINGTON 4, D. C. 


bela diel 3 
900 F St., N. W. 






oY mopirieD rv 
WITRALLOY “2! 
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<< 
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Because They Resist Wear 


and produce an excellent finish 





More than 100,000 car axles have been burnished in 
one railroad shop with one set of HAYNES STELLITE 
burnishing rollers. In eight years of hard service 
these rollers of cobalt-base alloy have required no 
repair or maintenance, except lubrication. 

HAYNES STELLITE rollers not only resist wear, but 
also retain their high polish, and burnish to a high 
degree of smoothness. And because they are essen- 
tially non-magnetic, they are unlikely to pick up 
steel particles that will mar the work. 

HAYNES STELLITE alloys are used in many tough 
industrial jobs where hard, abrasion- and corrosion- 
resistant metals are needed. Our engineers will be 
glad to help you use them. For further information, 
write for the booklet, ‘‘Products of Haynes Stellite 


Company.’’ 


BUY AND HOLD UNITED STATES VICTORY BONDS AND STAMPS 


HAYNES 


TRADE-MARK 





‘a 





HAYNES STELLITE Burnishing Rollers 
are widely used in railroad shops 








In HAYNES STELLITE Alloys 
you can get these advantages: 


1. Resistance to wear and abrasion 
2. Hardness even at red heat 


3. Good mechanical properties at high 
temperatures over long periods of time 


4. Resistance to atmospheric corrosion 


and corrosive chemicals. 
5. Low co-efficient of friction 
6. Practically non-magnetic 


7. Available in the form of castings, 
small sheets, and welding rod 








HAYNES STELLITE COMPANY 


Unit of Union Carbide and Carbon Corporation 


UC 


General Office and Works, Kokomo, Ind. 


cag Cleveland Detroit Houstor los Angeles New York 
Sa Francisco Tulsa 
Haynes Stellite Haste y Hascrom and “ Haystellite™ 
st sh products of Hay s Ste te Company 
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LANSING RECIRCULATING DRAW FURNACE 


Gas fired, is built for specialized work on 
tools and loads where shapes and quantities 
are contantly changing. Recirculating fan, 
auxiliary fan and shaft assermnbly is easily 


removable in one unit by removing six cap 
screws — a LANSING feature. 


INDUSTRIAL HEAT 


TREATING FURNACES 
jour: 
CARBURIZING 
NORMALIZING 
HARDENING 
ATMOSPHERE CONTROL 
TEMPERING 
STRESS RELIEVING 
ANNEALING 
NATURALIDING 
BRAZING 
CYANIDING 
CYCLE ANNEALING 


























Integral Assembly of Recir- 
culating unit, quickly and 
easily removable by removing 
six cap screws. 


934-36 Clark Street 


LANSING ENGINEERING C0. wxscwcs scx. 
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; 
CONTROLLED 
ATMOSPHERE 


In Your Laboratory 


ATMOSPHERE FURNACE 
fill the need for standard laboratory equi 
ment for appraising the effects of vari r 
atmospheres on metals at elevated te 


peratures—for small quantity work 


RETORT 
Cas tight retort measures 4 
ameter with working space 6" deep. Ret 
atmosphere is entirely separated from { 
nace chamber. Temperatures ins 
are obtainable up to 1825° I 
FURNACE 
Furnace unit is complete wit! 
transformer, relay, and thermoco ‘ 
be supplied with either manual 
matic control. Can also be use 
furnace for salt or lead bath |t 


and annealing 


Ask for Bulletin LT-45 


BODER 


SCIENTIFIC COMPANI 
907-909 Penn Avenue, Pittsburgh 22, ' 


i. 











Pacemakers in the Metal Industries... . 


NORBIDE* PRODUCTS 


ECAUSE Norton Boron NORBIDE blast nozzles, extru- 

Carbide is the hardest ma- sion dies, thread guides, etc., to 
terial commercially produced, outlast conventional materials a 
NORBIDE* products have be- thousand times and more. 
come pacemakers in the metal NORBIDE abrasive successfully 
industries. NORBIDE plug replaces diamond powder in 
gages have lasted more than a many lapping operations. 
vear and a half on jobs where NORBIDE metallurgical com- 
steel gages wore out in four pound is an economical source 
hours. This same exceptional of boron for introduction into 


wear-resistance has enabled steel melts. 


NORTON COMPANY — WORCESTER 6, MASS. 


REG. TRADE-MARK 










Les 





~ 





eS 









NORBIDE—the Hardest Material Made by Man 


REGISTERED TRADE MARK 
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FEDERATED is Ready for the Plowshare Job! 


READY, because Federated has no reconversion problem. The same 
superb quality aluminum, brass, bronze, babbitt, die-cast alloys, solder 
and zinc dust that yesterday went into war material are ready today 
for civilian products. 

Because of Federated’s war effort, our production capacity and serv- 


ice facilities are considerably increased. Our research has gone on 
endlessly to reveal new and better methods of control. 


With these expanded means we are ready to serve American industry's 
future — a future brightened by many new products, conveniences and 
comforts for a higher standard of living. 


Colideee 


METALS DIVISION 


AMERICAN SMELTING 
and REFINING COMPANY 


120 BROADWAY, NEW YORK 5, N. Y. 


Nation-wide service with offices in principal cities 
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Thi ILSON Installation ot 5 


RADIANT TUBE BELL TYPE “Furr21aces— 
has now served the ALBION MALLEABLE IRON 


Company of Albion, Michigan. . . . .. . 
FOR OVER A YEAR 





LER CER CREE RRR CAKE a 


This 
D. P. C. Plant 
was engineered 
by HOPKINS & KENDALL 


: : This installation called for special methods for lifting these 25-TON PORT- 
Alliance, Ohio 


ABLE FURNACES. Note the special type gantry crane developed for existing 





light building. Note special alloy crates for medium and small castings. 


HE economies, self-generated atmosphere, and overall clean- 





liness of this annealing method for malleableizing iron castings 





are available for all plants in the industry. Send for the Wilson 





Engineer to assist you in applying this equipment to your own 





plant conditions. 








tis covered by 
Nos. 1,952,402, 


~~ W; ENGINEERING Co., Inc. 
ee 


68.477, 2.078.356. 20005 West Lake Rood CLEVELAND, OHIO 
£12, 2,089,843, d 
tr patents seadinn. Telephone ACademy 4670 





Sold by The WEAN ENGINEERING CO., Inc., Warren, Ohio 


INDUSTRIAL FURNACES RADIANT TUBE HEATING * HEAT TREATING PROCESSES 


















FOR FASTER CLEANING 
AT LOW COST 


A milling cutter 
after heat-treat- 
ing but before 
Wheelabrating 


A milling 

cutter after 

Wheelabrating 

Note the velvety 
smooth surlace 


HEAT-TREATED PARTS 


The Perfection Tool and Metal Heat-treating Company of 
Chicago, using three airlessWheelabrator Tumblasts, reports 
that these machines speedily and efficiently remove scale 
deposited on tools and parts, both after heat-treating, and 
in preparation for it. They have found that Wheelabrating 
produces a velvety appearance that eliminates a great deal 
of expensive grinding. 


The Wheelabrator Tumblast cleans batches of parts quickly, 
using minimum power and without damaging pieces of thin 
section. It employs the exclusive American endless apron 
conveyor principle of tumbling which provides complete 
exposure of all work to the action of the blast stream. Un- 
loading is accomplished by simply reversing the conveyor. 
No other tumbling method can match the effectiveness of 
this design. 
The performance of the Wheelabrator Tumblast as a time- 
saver and cost-cutter has long been recognized in 

: : Operator inspect- 
hundreds upon hundreds of plants. For complete jg’, wheelabre- 
information about the airless Wheelabrator _ ted gear in 27” 


. : _- : cen £ ., J ar) x 36" Wheela- 
method of blast cleaning write for Catalog No. 74. he is 


*) A J 
i.) American 
\. FOUNDRY EQUIPMENT CO. 


worRtuo's LARGEST BUILDERS oF AIRLESS 
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511 S. BYRKIT ST. 
MISHAWAKA, IND. 


BLAST 


eoutrPmenT 








Te : 
at WN Ie 


Du Pont’s New Wall Chart will help you select the right _ 
case hardening compound or salt for a particular 


0030 0.040 0.030 0.060 0.070 = 0.080 v.9e0 ° 100) 
CASE DEPTH — INCHES 











ide Both 
ined at 25-30% NeCn 
1500.1550°F. 


AVERAGE CASE DEPTHS 
Ov Pont Accelerated Sett Beth 
Maintoined ot 18-22% NeCN te 0.30% Carbon 
15508 a 
Cerburizing Steels 
at Indicated Temperatures 
Dv Pont Accelerated Set Beth 
Meintoined at 18-22% NeCN and Treating Times 


1600F 











Ou Pont Cerburizing Set Beth 
Meinteined ot 8.12% NeCNn 
16s0°F 








Ov Pont Cerburising Selt Beth 
Meintoined at 8.17% NeCN 
1700 Ff 











Ou Pont Cerburizing Selt Bath 
Maintained at 8-12". NoCN 
17350°% 














CASE DEPTH — INCHES 
0.030 











HICH salt? Bath temperature? Treating time? We'll be glad to help you with specific problems. 
Case depth? A glance at this new reference The recommendations of our metallurgists are based 
chart will give you the answers. onmany years of practical experience in steel treating. 
You can use it for a quick determination of the Send for your Case Hardening Chart today! It’s 
treating time and temperature to develop a specified 20"x 29”, attractively printed in 3 colors —handy to 
ase depth. Also, it will help you select the most mount — easy to refer to. And it’s free! Just clip the 
dvantageous bath to meet the treating conditions. coupon below! 
"here is also a convenient table showing physical 
roperties of Du Pont Heat Treating salts —a 
. BUY VICTORY BONDS...AND HOLD THEW 
iseful guide for selection and make-up of these baths. 


DU PONT E. I. du Pont de Nemours & Co. (Inc.) 
Electrochemicals Department 


YANIDES AND SALTS Wilmington 98, Delaware 


Please send Wall Chart for Du Pont Case Hardening 


for Steel Treating = 


Name 


, } BETTER THINGS FOR BETTER LIVING Firm Title 
THROUGH CHEMISTRY 
‘ | Address____ s 
ae a AE 


SS ER A ET RR Oh 
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Type 20 Heroult Furnace produc- 
ing stainless steel. An all-welded 
floor-mounted unit embodying all 
latest improvements 






quality melting and refining of ferrous materials by 
either basic or acid process—including alloy, tool and forging 
steels, iron and steel castings. Any capacity from ' ton to 
100 tons: removable roof, chute, machine or Land charging. 


P ARTICULARLY designed and equipped for high- 


AMERICAN BRIDGE COMPANY 
Pittsburgh, Pa 


Offices in the larger cities 


General Offices 





Columbia Steel Company, San Francisco 





Pacific Coast Distributors 





United States Steel Export Company, New York 


UNITED STATES STEEL 


TWO MODERN 
PENTRATE 


(Rust Resistant) 
(Phytanium Blended) 


The Only Patented 2-Bath Process 
(Pat. No. 2,192,280) 


BLACK for STEEL 












































PENTRATE and PX proved their supremacy. 






uses. 





SPRINGFIELD 1, 
IN CANADA—William J. 
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Batch Type 
Furnaces 


Cari-Mayer Recircu- 
latingAir Heater Batch 
Type Furnace such as 
used by 


Aluminum Co. of 
America, American 
Magnesium Corp., 
Thompson Products 
Co. and other leading 
plants. 





Also Car & Continuous Types CARL-MAYER BAICH TYPE FURNACE 


THE CARL-MAYER CORPORATION 
3030 EUCLID AVE., CLEVELAND, OHIO 


CARL-MAYER FURNACES || 
FOR RECONVERSION 


Furnaces 
Continuous 


Bridgeport 
Brass, 


General Motors, 
Timken, etc. 





















Type as used by 















BLACK FINISHES 


BLACK 





for.. STAINLESS STEEL 


CAST IRON 
MALLEABLE 





The war department specified PENTRATE and PX for blackening of many weapons and other im- 
portant war materiel during World War II. In accordance with these orders, hundreds of PEN- 
IRATE and PX units operated in army ordnance camps throughout the U. S. and overseas. Here 


Write for a Free Catalog or Send Sample Parts for Free Treatment 


- HEATBATH CORPORATION 


MASSACHUSETTS 


Michaud Co., Led.. Mentre 





IRON 






War-proven applications of PENTRATE and PX point the way to hundreds of new peace-time 
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PRODUCTION FURNACE BRAZING 
Economically Mass Produces 
These Complex Assemblies 


be speed and cost-cutting efficiency of production 
furnace brazing won wide acceptance for this new 
process during the war production battle. Today it is 
fast replacing slower, more costly forging and machin- 
ing processes in many leading plants. 

Pioneering and experiment are definitely over. 
Skilled, experienced Lindberg technicians are avail- 
able to make a quick, thorough analysis of your prod- 
uct and methods—and accurately determine whether 
this basic new improvement in production technique is 
suited to your needs. 

With every facility provided for fast, easy oper- 
ation the Lindberg All-Purpose Brazing Furnace pro- 
duces complex, high-quality metal assemblies with 
savings in time and money that are often spectacular. 

In addition to copper and silver brazing it also sin- 
fers powdered metals, does brighi annealing and 


PER-CYCLONE 


CYCLONE 


general and high-speed tool hardening. lis precisely 
controlled temperature range is from 1300° to 2500° F. 
Safeguard your prestige and profits. Get full de- 
tails about Lindberg Production Furnace Brazing and 
our complete start-to-finish technical assistance now. 
Write, wire or phone for complete information. 


LINDBERG ENGINEERING COMPANY 


2448 WEST HUBBARD STREET, CHICAGC é LLINOTS 

















°° HYDRYZING BRAZING 
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men show 


{ design 
pro uct. 


Foundry 
intricacy ° 


’ 


industrial part oF 


experienced 


ne of the 


that the size, § 
Steel to any 














of Steel 


| Castings 





nufacturers are constantly finding that they can profitably 


1e the strength, toughness, durability, economy and 


t advantages of Steel Castings in applications which 


have not previously considered. Does the versatility 


Steel Castings fit your production plans? Have you a 


tor product which might benefit if cast of Steel? Con- 


one of these experienced Steel Foundrymen—his knowl- 


le may prove valuable to you. 


Select the Foundryman in the area nearest you 


for assistance in any of these product lines... 











eronautical 

gicultural Machinery 
utomotive 

turing 

tiler, Tank & Piping 
dge 

mical & Paint Works 
pressors (Pneumatic) 
veyor & Material 
Handling 

hing Machinery & 
Cement Mill 


wis 

ctrical Machinery & 
“quipment 

evator 

Deine 

od Processing & Packing 
Plant 





Foundry Machinery & 
Equipment 

Gas Producer & Coke Oven 

Gears 

Heat Treating Furnace & 
Equipment 

Hoist & Derrick 

lron & Steel Industries 

Metallurgical Machinery 

Mining Machinery & 
Equipment 

Oil or Gas Field & Refinery 

Ordnance 


Overhead Crane & Charging 
Machine 


Paper Mill 


Printing Press 

Pump 

Railroad 

Refractory, Brickyard & 
Ceramic 

Refrigeration Machinery 

Road & Building Construction 

Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated & Subway 
Cars 

Textile Machinery 

Valves, Fittings & Piping 

Well Drilling Equipment 











Buffalo, N. Y. 


Strong Steel Foundry Co. 
51 Norris St. Riverside 2700 


Tulsa, Oklahoma 


Oklahoma Stee! Castings Company 
1200 N. Peorie 5-9286 


Houston, Texas 


Texas Electric Steel Casting Company 
Bringhurst & Gillespie. Feirfex 8117) 


Los Angeles, Calif. 


Utility Electric Steel Foundry 
3334 East Slauson Avenue 
Kimball 4185 


Cleveland, Ohio 


Crucible Steel Casting Company 
Almira & West 84th. 
W Oodbine 4613 


Philadelphia, Pa. 


Dodge Steel Company 
Tacony. MA Yiair 1650 


Indianapolis, Indiana 


Electric Steel Castings Company 
Speedway. Belmont 0400 


Newark, New Jersey 


American Steel Castings Co. 
Avenue “L" and Herbert Street 
Market 3-5464 


Milwaukee, Wisconsin 


Sivyer Steel Casting Company 
1675 S. 43rd St. Mitchell 1442 


Chicago, Illinois 


Burnside Steel Foundry Company 
1300 East 92nd Street 
SAGinaw 9600 


Detroit, Michigan 


Detroit Steel Casting Company 
4069-4140 Michigan Avenue 
LAfeyette 5710 


Toledo, Ohio 


Unitcast Corporation, 
Steel Casting Division 
Front and Millard Avenue 
POntiec 1545 








NOW WE CAN MAKE THESE 
TESTS IN OUR OWN SHOP! 
SAVING TIME and COSTS! 






DILLON 
PORTABLE 


UNIVERSAL TESTER 


For Tensile, Compression or Trons- 
verse testing of any material. Can 
be readily and accurately operated 
by anyone trained or untrained 
Capacity 10,000 psi with 1" cross 
section samples, 200,000 psi with 
somples 4°’ dia. 7 dynamometer 
gouges, 0-250 to 0-10,000 Ibs 
Oe eee 
dreds of tests a day on spot welded 
specimens, riveted assemblies, plas- 
tics, wire, rubber, cloth, etc 
Counterbalanced handwheel makes 
operation easy. At maximum torque 
of 10,000 Ibs., péak load on wheel 
is only 8'% ft. Ibs. Can be motor- 
ized 


low prices 





5420 W. HARRISON ST, CHICAGO 44, 1LL 








WRITE FOR 
CATALOG OR 
DEMONSTRATION 






















Send for illustrated bulletin and 


! 
W. Cc. Dillon & Co., Inc.. L* 
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METAL & THERMIT CORPORATION 
120 BROADWAY, NEW YORK 5, N. Y. 


Albany * Chicago + Pittsburgh * So.San Francisco + Toronto 








15 different types and sizes—each 
equipped with proved safety features 






Every operation of Kux Hydraulic Die Casting Machines is 





automatically controlled by electrical timing devices. 







These easily adjusted timers can be put into action at 


any time during the casting cycle—they are an important 






reason why Kux Die Casting Machines have a 






world-wide reputation for being the safest machines built. 







Kux Produces the Most Complete Line of High 


Pressure Die Casting Machines Available, for 






Zine or Alluminum Castings. 





Kux 
MACHINE Co. 







3924-44 WEST HARRISON ST. + CHICAGO 24, IEBINO! 
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The Most Efficient and Economical Process for Induction Heating 





Induction Heating Corporation's Rental - Purchase 
Plan affords the opportunity to Management to 
prove the advantages of the THERMONIC process 


in actual production. Our brochure, outlining 


| 
| 


details, is available upon request. 


\ INDUCTION HEATING CORPORATION 


| 
389 LAFAYETTE STREET, NEW YORK 3, N. Y. 


DIS 













I} You Want lo Slash 






METAL CUTTING & TRIMMING COSTS 
FROM DOLLARS 10 PENNIES 


Wo 





| 24° /00* I-BEAM | 
28 SECONDS 


peers 


IS” 55* 


CHANNEL 


Ly 
ad 





INCREASES 
PRODUCTION... 


CUTS ALL CLASSES 
OF STEEL— QUICKLY 
AND ECONOMICALLY! 


The versatile ability of the Kling Friction 
Saw to cut varied structural shapes in any 
sequence, without change of blade or set- 
up, permits one machine to handle various 
types of work which, otherwise, would re- 
quire several slow speed saws to handle. 


(5 SECONDS 
8"x 8x 34.3* 


H-BEAM 
/0 SECONDS 


CRY 1616),/0h) 
100*4.2.A. RAIL 


5 SECONDS 


64X64 X/9.BF TEE 


The installation of a Kling Friction Saw will 
quickly convince you of its superiority and 
advantages over the old type of saw. 
Furthermore, you will cut your cutting costs 
—savings will be effected in time and labor 
because of speed and efficiency of the 


Kling Saw. 
GET COMPLETE INFORMATION 


CONSULT KLING ENGINEERS REGARD- 
ING YOUR CUTTING PROBLEMS. WRITE 
FOR BULLETIN NO. 9200 GIVING VALU- 
ABLE INFORMATION. SENT WITHOUT 
COST OR OBLIGATION. 


KLING BROS. ENGINEERING WORKS 


1302-A2 North Kostner Ave. -:- Chicago 51, Ill. 


EXPORT DEPT. 1111 So. Ferry Bidg. 
New York 4, New York 


/i SECONDS 
8'x8"x Ug" ANGLE 


7 /0 SECONDS 
3” SQUARE 


* /5 SECONDS 


4” ROUND 


| SECONDS 
6"0.D.TUBE 
fy WALL 
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THE CASTINGS MUST BE 
GUARANTEED BY THOROUGH 


GAMMA-RAY INSPECTION 
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“CANADIAN RADIUM 
BUILDS CUSTOMER GOODWILL 


Sub-surface inspection of metals by Radium radiogray 


has become simplified to the extent that it may be applied 


in any plant regardless of size. The Radium inspectior 
unit provides the most economical method of examining 
the internal structure of metals and welds. The complet: 
equipment is portable and consists of: radium capsule and 


carrying case; a supply of standard radiographic films and 


Honda 












a few handling accessories. No wiring or mechanical J polisher 
Floor 
attachments required. bone 
| Through 
ollie / THICK and THIN 
I, Outstanding in penetration per- 


Z= formance, Radium Radiographs 
provide clear, “inside” pictures 
PS of metals up to 10” in thickness 
J ef! is 


lip as’ 


If your plant produces forgings, 
castings, welds or other metal 
fabrications, radium radiography can speed operations, 
insure soundness of quality and workmanship, help to im- 
prove foundry technique. The simple, compact equipment 
for radium radiography can be set up anywhere, carried 
and operated anywhere without constant supervision or 


adjustment during exposure. 


Reliable, profusely illustrated 80-page text- 
book on the fundamentals and technique 
of modern industrial Radiography of Metals 
with Radium. Specially prepared for the 
metals industry by our research and tech- 
nical staff. Write for your copy today, @vmé 
your name and company position. 


CANADIAN RADIUM & URANIUM 


ele) ite) 7 -Vile), | 
630 FIFTH AVE, ROCKEFELLER 


CENTER, NEW YORK 20,0817 
IN CANADA’ RADIUM LUMINOUS INDUSTRIES LTD 103 CHURCH ST.. TOROMEO 








THERE 1S ONLY 
ONE LINE OF... 





Re 


METALLURGICAL TESTING EQUIPMENT! 


“Precision Engineered” Metallurgical Equipment 
for preparing specimens of ferrous and non-fer- 
rous metals for microscopic examination offer 
exclusive features never before available to lab- 
oratory technicians. Some of the many advan- 
tages are improved quality, increased efficiency 
and reduced preparation costs. 


Compare the construction, design, efficiency, ex- 
clusive features and the many advantages of the 
“Precision” line with others— then decide. We 
know your decision, too wili be “Precision”. 


Leading laboratories, after comparison, have 
adopted “Precision” equipment. Results have 
proven this to be, “the number one line” in the 
specimen preparation equipment field. 


Metallurgical 
Desk 


9? 
rectsiton 


HAND POLISHING 


Equipment 


The “Precision” Hand Polisher employs the advanced 
“Grind-Polish” principal—interchangeable laps and stand- 
ard polishing solutions. It is easy to clean—smooth running 
and quiet in operation. It can be set on top of a table, 
suspended flush into table, mounted in modern polishing 
desk or floor type cabinet. 


Self contained, sturdily built with stainless steel pan and 
drain for continuous removal of used solution—permits 
washing of laps and specimen without need of seporate sink 


The 12” lap gives more working crea and greater variety 
of surface speeds, merely by changing position on the 12 
lap. The outer edge for higher surface speeds, the inner 
edge near the center for slower surface speeds—no adjust 
ments of motor necessary. 


Constant speed motor is smooth operating, free of vibro 
tion. A unique method of coupling the motor to the drive 
shaft through a worm gear combination which does not 
employ a metal-to-metal contact between lap and motor 
The motor and stainless steel drive shoft are equipped with 
lifetime grease-sealed bearings. No lubrication required 


Electrical characteristics—115 Volts, 60 cycles A.C 
Overall Dimensions 16” x 18” x 12” high. 
We can supply a complete line of accessories. 


“Precision’s’’ New Three-Specimen 
Handi-Holders for Hand Polishing 


Increases production of polished specimens, insuring flat 
surfaces and eliminates the tedious job of holding single 
specimen. Two sizes accommodate 1'4" and 1” specimen 


Write for Bulletin 850-P describing ovr complete 
line of Metallurgical equipment. 


Interchangeable Polishing Laps 
We have nine different polishing laps avail- 
oble for use with the “Precision” Hond 


Polisher or the Precision Automatic Polisher. 


See Your Laboratory Supply Dealer 


PRIEGISIO 


SCIENTIFIC COMPANY 


1736-54 N.Springfield Ave., Chicago 47,U.S.A. 


and Builders of Scientific Research and Production Control Equipment 











Use This Help To Cut: Tool Costs 


And Improve Tool Performance 






lating and 
rolytic processes§ 






+ mpetitiv rs 
In competitive day for Elect 


ahead tool and die other Electr 







makers will have to 











know every short-cut 





for doing each job best. 






OVER 


70,000 And this 315-page illus- 


COPIES 
IN USE 






trated book gets right 






to the heart of your 
tooling-up and tool performance 


| 
problems. | 


ee 


Columbia Generators embody every feature essential 

: for dependable, 24-hour operation. They are built 

Check the ways “Tool Steel Simplified” for electroplating service in sizes of 6 to 20 volts, 
500 to 20,000 amperes, for anodic treatment of 

can really help you. Here are a few aluminum in sizes of 40, 50, and 60 volts, 500 to 


3,000 amperes. Columbia Generators for other 
electrolytic processes range from 2 to 250 KW, 

100 to 40,000 amperes, 6 to 60 volts. 

Prompt shipment can be made on any type and 


of the 18 fast-reading Chapters: 





¢ The “‘Personality’’ of Tool Steel size. Write for full information. 
* Heat Treating Methods COLUMBIA ELECTRIC MFG. CO. 
r 4519 Hamilton Ave., N. E. » Cleveland 14, Ohio 
« Hardness and Toughness Testing “— ; j 
« Relation of Design to Heat Treatment . ; 
* Quenching ‘ » 
¢ Trouble Shooting 7 \ 


In designing, making or heat treating 





tools or dies, you will want a copy of 



























" “ , ’: 
“Tool Steel Simplified”. . . sold at the CARBURIZING 
low price of only $1.00 a copy. Every s 
man who works with tool COMPOUND 
TOOL STEEL \ 
steel should have a copy. sj mpLIFIED 
So order as many as you ——-® FRANK.R. PALMER = 
rhe Carpenter Stee! ¢ 
> « y > — o ° ° * *« . ! 
need, at only $1.00 per 315 pages ... gives continuously uniform activity with ga 
copy. Send in the cou- i ecteuid ta 2 . minimum amounts of new added. pe 
leowhere $3.50 ° ° : vid 
stenuiane S58 The activated particles are coated with a heavy hi 


pon today. 










shell of carbon which adds greatly to the mechan- = 

ical strength of each particle and prevents the oa 

THE CARPENTER STEEL COMPANY loss of the energizing material. With only 10% to ~ 

Reading, Pa. Dept. 6-R 15% new added, CHAR has a higher and more ‘ 

Nyool Steel Sinplited. i eae oesi.c0 (05.30 ont uniform activity in continued runs than othe ~ 

— ote nabs ace oe carburizers with 25% new added. - 






Firm Name____ ate 
(Firm name must be given) 


Mailing Address__ _— 


City eee oe - 
(Please Print) 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND. 
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Brazes 4 Aluminum Drums per minute! 


" 
_—_-_> 


(Pe EE) a 
eemcin| (A 





; cr s a Ss ar ; 

¢ , ae 
ing heater tubes, aif travel and circulating fan. Uniform 
soaking, +5° F. 





















DESPATCH-ENGINEERED 
A" 100% Automatic FURNACE conicsctt, 


ae Requiring no human effort save for placing drums at 






















ages 
. , chamber entrance, this Despatch-engineered Brazing 
_— & Furnace automatically brazes, quenches and discharges 
Se HS eS SH % aluminum drums (24” diam. by 35” high) at the rate of 
— a nase | g 4 per minute . . . over 2 tons per hour! 
%, ROBOT TIMER CONTROLS ALL OPERATIONS 
| ] HOW IT OPERATES © To make this high production possible, all operations 
i alee é are controlled to the second by ingenious time-cycle 
opens and two hydraulically-operated |) mechanism. Control of heatflow and temperature, con- 
aI ae a See veyor movement, synchronized operation of doors and 
eibute . . - lower them ento amesth ty in load-pushers, time-and-temperature pre-heating, soak- 
ole eS Se ae % ing and cooling, operation of quench —all are coordi- 
and conveyor moves load forward 30’. | nated and controlled by a master “robot’’ timer housed 
In this manner conveyor carries load through 5 con- ki in A single cabinet. 
preheating, soaking and cooling. “TS* 9) ALLOWS CONTINUOUS BRAZING PRODUCTION 
In each section heat is provided by correctly spaced % Riding in pairs on special supporting pallets, drums are 
gas-fired radiant tubes mounted on walls. Recircu- ve 


carried through 5 independently-controlled heating 
sections (radiant tube heated), cooled to 960° F., then 
quickly discharged into spray quench. Four complete 
drums are admitted, and discharged, every 60 seconds. 


lated air is drawn up and around radiant tubes, then 
driven downward by powerful circulating fans to pro- 
vide clean, uniform, accurately-controlled heatflow 
through each heating section. Independent controls 
regulate temperature. 


Ks 


ee 







When drums reach end of cooling section, quench 
and furnace doors open, rail-device lifts pallets from Regardless of size of unit, CALL A DESPATCH 
conveyor, and hydraulic pusher thrusts load laterally : ENGINEER for help in solving your 
f - for. 
rom chamber onto motor-driven conveyor . production brazing problems! 






Conveyor carries drums rapidly to spray booth. 
Doors then descend, drums are apray-quenched 30 
sec. Exit door then opens and completely brazed 
drums are discharged. 


: 5083 














DESPATCH 


Write far Details “Joday OVEN COMPANY “'%™‘srotis ia 
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POWERFUL TANKS §_cztmegani 
ARE WELDED WITH zm 





Many manufacturers now 
use a uniform size and shape of thermostatic 
bimetal element in building a “line” of circuit 
breakers covering a range of circuit ratings. 


This is made possible by selecting a type of 


qn <9 


bimetal based on its electrical resistivity. The 


x 


following types cover a wide range of electrical 


resistivity values: 





= SHAWINIG 
Electrical Resistivity Recommended Type of poe PRODUCTS 
ohms per cir. mil ft. Thermostatic Bimetal Wan CORPORATION 


EMPIRE STATE BUILDING. 
NEW YORK LN. 


iM 
oo rey" 


0°77) 7 | a7 Uhaks Li 
em,” : 


‘ 
me) 
=A 4.882.8) 


AN 





Chace No. 3300 


Chace No. 6125 
Chace No. 6150 
Chace No. 6200 Ss : M O N D % 
chase He. C508 TOOL, HEAT-RESISTING, 


Chace No. 6400 Rach Mn Eke a2 ae Va eens 
Chace No. 2400 
AND SPECIAL STEELS 


MAGNET STEELS—ROLLED AND CAST 


Chace No. 6650 
Chace No. 6850 


Chace makes 35 types of thermostatic bimetal, 
each offering specific advantages. Our en- 
gineering department will gladly assist you in 
selecting the type bimetal best suited to your 
requirements. Sold in sheets, strips, shapes, 


and sub-assemblies to specifications. 


wV.GF ACEco 





WRITE FOR 
MAGNET STEEL BOOKLET 


1626 BEARD AVE + DETROIT 9, MICH. 


av emery f 
Thermostatic Bimetals and Special Alloys 


SIMONDS SAW & STEEL CO., LOCKPORT, N.Y. 
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CONTINENTAL SERVES THE 
BRASS AND COPPER INDUSTRY 


Continental proudly bears the service stripes of twenty-five years in 
the Brass and Copper fe ne From this quarter century of pioneer- 
ing have come outstanding developments each furthering the endless 
quest for better products at lower cost. Study the following partial 
list of our products. 

Modernized Automatic Billet Heaters 

Super Accurate Control of Grain and 

eke in Annealing 

Bright Annealing 

Continuous Pickling 

Electronic Oxide Reducticn 

Special Atmosphere Generators 
Study the specifications shown in the following photographs for proof 
that Continental can design and build equipment which will pro- 
duce better copper and brass products, reduce operating costs to a 
minimum, and increase production efficiency to a maximum. Fora 
single unit or a complete plant, consult Continental now. 





- 


Pt; pyr. - \\ 
any far- VN 





























ay RIN 


@ Let us show you our latest de- a C o N T N E wi TA L 
signs for billet heaters, annealing H Ra} D uy s T R i A L 
furnaces, pickling equipment, E RR Gi bod £ e R 4 - ; bh Cc . 


special machines, or complete 176 W. ADAMS ST., CHICAGO 3, ILLINOIS 


industrial plants. ASSOCIATE COMPANIES 
Intercontinental Engineers, Inc. 
Engenheiros Continental do Brazil, S. A. 


ee 
ye 
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WHEN BEARINGS ARE Vital- 


~ gos 


BEARING 
BRONZE 
MEETS 


PHYSICAL 
SPECIFICATIONS EVER Y°TEST: 


Tensile Strength — 
22,000 psi 
Tensile Yield Strength 
at.35% set— 
16,000 psi 

































From “spudding in” till “she’s on the 
f pump” the bearings in oil well drill- 
ing equipment take heavy loads and 
high strains and must not fail. OLDS 
BEARING BRONZE is alloyed and 
fabricated to resist the shock and 
strain of vibration and high speeds. 


















Compression Yield 







Strength . ‘ 
at.35% set— The inherent toughness of the alloy 
17,000 psi with its lead content increases wearing 


qualities and reduces bearing friction. 
For every bearing problem, count on 
OLDS BEARING BRONZE for longer 
bearing life. 


prise for * OLDS ALLOYS 
Bulletin yey 


— giving specifications 
and stock’sizes. 








Elongation in 2° 
3% 


















4 





31 years devoted to 
installing, maintaining and 
supplying heat-treating furnaces, 
instruments, controls and testing 
equipment puts the Claud S. Gordon 
Company in a unique position to 
render intelligent, complete and 
unexcelled engineering service. We bring 
to you the specialized know-how of a 
competent engineering staff, experienced 
field engineers, plus the facilities of 
nationally known engineering and 
manufacturing firms. Whether you need a 
small laboratory furnace, a complete heat- 
treat plant or a plant layout, call Gordon 
Service. Full inventories assure speedy 


installation and maintenance 


CLAUD S$. GORDON CO. 
ENGINEERING-EQUIPMENT-SERVICE SSoustavac‘vurnaces . ‘consuctine X-RAY 
300! SOUTH WALLACE STREET + CHICAGO 1é N 
7016 EUCIIO AVENUE * CIEVELAN OHIO 








PROCESSING CARRIERS 


lo utilize full capacity of a salt pot furnace it is necessary t 
have specialized heat treating fixtures and baskets. 

Illustration shows how 
Rolock engineers designe: 
and built a specific basket 
shaped to secure maximun 
diameter yet clear an inter 
fering the rmocouple. 

Rolock Carriers are cus 
tom-built because we know 
from long experience thad 
correct materials, fast, easy 
handling and long servi 
life are essentials to bett 
finishing, lower hourly cost 
in any metal processi: 
plant. 

Evidence of such advantages is pictured and described 
Rolock’s catalog ... 113 baskets, crates, trays, racks and fixture 
from which to consider a basic principle to adapt to your specif 
use. CATALOG ON REQUEST 


ROLOCK, Ifil 


1450 Kings Highway East, Fairfield, Conn. 





J PLAN T0 INSTALL 
BUZZEW 


Reg. US. Pat OFF 


INDUSTRIAL Goa EQUIPMENT 


NO BLOWER or POWER NECESSARY 
. +. just connect to gas supply 









Atmospheric Pot Hardening 
Furnaces for Salt, Cyanide 
and Lead Hardening. Also 
adapted for Melting Alv 
minum. Attain 1650° F 





ae 7 
Buzzer Rectangular Liquid 
Heat Treating Baths, Galvanizing, 
Tinning and Melting Furnaces. 


Send for the complete ‘‘BUZZER"' Catalog 
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CHARLES A. HONES, ix 


123 So. Grand Ave. Baldwin, L.IJ 
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..- for dependable sources of supply for Aluminum Casting Alloys— 


... for uniformity in metal that assures smooth, uninterrupted operation with 


complete freedom from metallurgical worries— 


and for expert advice in selection of the Aluminum Alloys best adapted to 


each Casting purpose— 


... look to the members of 


HLummum Reseance nstrrure 


111 West Washington Street, Chicago 2, Illinois 


The Cleveland Electro Metals Co. ee ee U. S. Reduction Co. 
Federated Metals Division The National Smelting Ce. Caleeaie 

American Smelting & Cleveland 5, Ohio M 

Refining Company agnesium, inc. 
New York City 5 and Branches Niagora Falls Smelting & Sondusky, Ohio 

Refining Corp. i 
General Smelting Company Buffalo 17, New York The American Metal Co., Lid. 
Philadelphia 34, P ivenia New York City 6 
=e North American Smelting Co. 

Samvel Greenfield Co., Inc. Tioga and Edgmont Sts. Apex Smelting Co. 
Buffalo 12, New York Philadelphia, 34, Pa. Chicago 12, illinois 
William F. Jobbins, Inc. Senken-Galamba Corporation Berg Metals Corporation 
Avrora, Illinois Kansas City 18, Kansas Los Angeles !1, California 


us» 


STIT 


Pp, 
‘ 
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BUTT WELDED MECHANICAL TUBING 


Hot Rolled and Cold Drawn to 
Standard Tubing Tolerances 


Range of Sizes 
Cold Drawn 14” O.D. to 234” O. D. 
Hot Rolled .670” O. D. to 4” O. D, 


Ordnance and Industrial Applications 
U.S. A. Specifications 57-180 
Type lV W.D. 1010-1015 


PITTSBURGH TUBE COMPANY 


323 Fourth Ave., Pittsburgh, Pa. 


Representatives 


Service Stee! Co., 1435 Franklin St., Detreit, Mich. 
Service Stee! Ce., 765 Hertel St., Buffalo, N. Y. 
Berviee Stee! Co., 1249 W. Fulten St., Chicago, til. 
Services Stee! Ce., 2442 Hunter St., Les Angeles, Cal. 
Servies Stee! Co., 1074 Summer 8t., Cineianati, 0. 


Standard Tube Sales Corp., One Admiral Ave., Maspeth, N. Y. 











KING PORTABLE 


BRINELL 


HARDNESS TESTER 


How many times have 
you carried heavy work 
to the Brinell Tester? 
Too often, you'll say. 

Here is a 26-lb. port- 
able tester you can easily 
take to the work and save 
time and trouble by doing 
your Brinell work on the 
job. The King Portable 
Brinell puts an actual 
load of 3000kg on a 10mm 
ball. It can be used in 
any position. 

The test head is remov- 
able for testing larger 
pieces beyond the capac- 
ity of the standard base. 


Throat—4” deep. Gap—10* high. 
Weight—26 lbs. 


Let us show you how we can lighten your Brinell testing. 


ANDREW 











( A nnouncement 


Bowser, Inc, and Kold-Hold Manufacturing Company 


are pleased to announce that the sub-zero industrial 


equipment formerly manufactured by the 


Kold-Hold 


Manufacturing Company will, in the future, be manu- 


factured and sold exclusively by Bowser, Inc 


The Kold-Hold Manufacturing Company will devote 


its entire facilities to the manufacture of Evaporator 


Plates and Cabinet Liners 


Bowser, Inc. Kold-Hold Manufacturing Company 
Lansing, Michigan 


Woodside, Long Island 
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THE QUALITY NAMES IN ALLOY D.< > 
FOR HEAT CORROSION ABRASION Jbd> 





SUPERIOR FOUNDRY 
PRACTICE IN 


COMPLEX ALLOYS 
By 
"The Oldest and Largest Exclusive 
Manufacturers of Heat and Cor- 
rosion Resistant Alloy Castings.” 





I-N-F-L-A-T-I-O-N 
THERE is no such thing as “inflation” until its presence 
nes known. 
presence does not become known until the acceptabil- 
of money decreases. 
nly a National referendum could determine if most of 
people want to knock their savings—and life insurance 
" war bonds—down to 80¢ dollars to inflate labor 20% 
Labor, or Capital, go “‘back te the land’’? 


CRITIQUE 
A RETURNED War Veteran commenting on a dinner in 
nor remarked: “If the soup had been as warm as the 
and—the wine had been as cold as the roast—if the 
stess had been as pretty as the Waitress—and—th« 
Vaitress had been as willing as the Hostess it would 
ave been a damn good party” 


G. Il. “NIGHT FIGHTER" 
PLZEN, Czechoslovakia, Nov. 18 (UP).—A worried-!ook 
g Czech woman appeared at American headquarters and 
sked where she could find “night fighter Willie P. Brown,” 
had disappeared after promising to marry her. 
OFFICERS, perplexed, didn’t find the name and asked her 
t the “night fighter” angle. 


SHE explained that Willie had told her his skin was black 
ise the Army had given him injections to make him 
ble at night. When he returned to the United States 
ould be given other injections which would make him 
e again. 


B: WN told her, she said, that the United States Army 
is filled with night fighters, all especially recruited from 
ice called Mississippi. 


DEPENDABLE PRODUCTION ASSURED 


IN-SO-FAR-AS production is dependent upon the most effi- 
engineering and the reliability of heat or corrosion 
esistant casting—dependable alloys (and thus dependable 
ction) can be assured by calling, wiring or writing, 
ming your next inquiries to the nearest General Alloys 
fice as listed here— 





GENERAL ALLOYS OFFICES 


BOSTON NEW YORK 
Main Office H. G. Chase, Eastern Seles M 
405 W. First St. 50 Church Street 
L. J. Edwards, Phone: Barclay 7-9031 
New England Representative fata cle 
Phone: South Boston 1710 J. 3. Denoven, Manoger 


DETROIT 224 S. Michigan Ave. 


L. M. Lindsey, Phone: Harrison 5652 
District Sales Manager MUNCIE 


—_— General "aan Bids. Geo. O. Desautels Co. 
hone: Medison 114 E. Washington St. 


INDIANAPOLIS . Phone: Muncie 840 


Geo. O. Desautels Co. 
i DAYTON 
438 Postel Stetion Bids. Valentine Sales Co. 


Phone: Riley 4411 1926 Malvern Ave. 
CLEVELAND Phone: Taylor 5201 


E. E. Whiteside 
1219 St. Clair Ave. PITTSBURGH 


Phone: Main 3646 Chew & Burke Equipment Co. 


First National Bank Bldg. 
PHILADELPHIA Phone: Atlantic 7750 
W. J. Fitzpatrick 


1421 Chestnut St BALTIMORE 
Phone: Rittenhouse 1986 Charles F. Peace 
229 So. Howard St. 
ets: Phone: Lexington 7849 
R. E. Lynd 


812 Tecoma Ave ST. LOUIS 
Phone: University 3887 Associated Steel Mills, Inc. 


Walter Gerlinger, Inc. LOS ANGELES 
610 W. Michigan St. R. W. Luzius 


Phone: Marquette 0673 1325! Beverly Glen Blvd. 











A QUINTET OF THE 
NATION'S TOP AUTHORITIES 












TOOL STEELS 


By James P. Gill, R. S. Rose, G. A. Roberts, 
H. G. Johnstin, R. B. George 











A Big New Book Now Available 
277 Illustrations — 550 Pages 






Price $6.00 






Mr. Gill and his co-workers cover 
everything in tool steels from definitions 
and classifications to the structure, pro- 
perties and uses of each particular class. 
They give you the fundamentals of heat 
treatment, discuss the chromium and 
tungsten steels of medium and high alloy 
content for hot or cold work, the structure 


and properties of high speed steels. 





If you are a user of tool steels, here is 
the book for you —a practical, authori- 
tative presentation of the facts you must 
have to do the job, to achieve the top re- 


sults you must have today. 





Order this book now from the 


American Society for Metals 


7301 Euclid Avenue 
Cleveland 3, Ohio 

























PY P@Kenilevayiieta: 


This simplified Optical Pyrometer 
takes the “wreck” out of “reckon,” 
Many a heat has been wrecked as a re. 
sult of “guessing” at the temperature, 
“PYRO” is a lightweight (3 lbs.), to. 
tally SELF-CONTAINED, DIRECT 
READING, STURDY PRECISION 
Instrument made to stand rough use, 
but it is ABSOLUTELY Accu 
RATE and DEPENDABLE. No cor. 
rection charts, no accessories, no up. 
keep! New concentrated testmark and 
ease of operation permit unusually 
CLOSE and RAPID temperature de. 
termination even on MINUTE 
SPOTS, FAST MOVING OBJECTS 
or the SMALLEST STREAMS. 


THE “SPECIAL FOUNDRY TYPE” AND 
“TRIPLE RANGE” HAVE, IN ADDITION TO 
THE STANDARD CALIBRATED RANGES, A 
RED CORRECTION SCALE DETERMINING 
THE TRUE SPOUT AND POURING TEM- 
PERATURES OF MOLTEN IRON AND STEEL 
WHEN MEASURED IN THE OPEN. 















PYRO is furnished in 5 ranges to meet al 
plant and laboratory requirements, it is stand- 
ard equipment with the leading plants in 
YOUR industry. 


Stock Ranges 1400° F. to 5000° F. 
Ask for Catalog No. 80 


For NON-FERROUS foundry work use PYRO 
IMMERSION Pyrometer. Ask for Catalog No. 110 


The Pyrometer Instrument Co. 


Plant and Laboratory 
107-109 Lafayette Street New York, N.Y. 

























Strong, tough, elastic 
. .. impervious to acid 
waters, corrosive fumes 
and moisture, perfect 
electrical conductor— 
this material in all its 
forms can be de- 
pended upon to en- 
dure for years — im- 
proving with weather- 
ing, rather than de- 
teriorating. 

























RODS - WIRE - SHEET - STRIP - CASTINGS - BUSHINGS 


ELEPHANT BRAND 
PHOSPHOR BRONZE 


THE PHOSPHOR BRONZE SMELTING COMPANY 
2212 WASHINGTON AVE., PHILADELPHIA, PA. 


“Original manufacturers of Phosphor Bronze in the U. S. A.” 
Established 1874 
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Setting-Up Tools 


Few tool investments pay dividends as 
consistently as an investment in ARM- 
STRONG Setting-Up Tools. 


These correctly designed, strong and 
convenient tools cut setting-up time to a 
minimum. They save machine and man 
hours day after day and assure rigid set- 
ups for accurate work, prevent acci- 


dents and reduce spoilage. 


ARMSTRONG Setting-Up and Hold- 
Down tools include types and sizes for 
every machine tool—“T” Slot Bolts, 6 
types of Drop Forged Strap Clamps, 
Swivel Head Planer Jacks, Non-Skid 


Vertical and Bracing Jacks. 


Write for Setting-Up Tool Circular 


ws 


Fad 


ARMSTRONG BROS. TOOL CO. 


“The Tool Holder People” 
367 N. Francisco Ave. Chicago 12, U.S.A 


Eastern Whse. & Sales Office: 199 Lafayette St.. New York 12, N. ¥ 
Pacific Coast Whse. & Sales Office: 1275 Mission St., San Francisco 3, Calif 
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Produced by the Sinteel Powder Metal Process, this innocent-looking 


part is A VITAL COMPONENT OF THE FABULOUS VT FUZE. 


When Little Parts Pose Big Problems 


—_ Metallurgy is not restricted to 


parts as small as the proximity-fuze ele- 
ment. But it is ideal for economic produc- 
tion of small parts at rapid rates. to close 


tolerances and in new metal combina- 


tions. In fact. in war and in peace, Powder 


Metallurgy has won its place with honors. 


Sinteel Powder Metallurgy makes intri- 


Write, phone or wire. 


cate design possible at low cost. Precision 
is maintained, eliminating time and labor 


for set up and machining. 


If you use parts, let us look at them. 
We may save you time and money by 
eliminating costly castings, forgings, 
machining. Take advantage of our long 


vears of experience. 


American Electro Metal Corporation 


YONKERS 2, NEW YORK . e Offices in Chicago, Dayton and Detroit 
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100%. QUALITY CONTROL 


DuM ONT Celso 


Segregation of finished 
— ®¢Cording to leve] 
Of interna] Stresses 


and sorting 


in 
Checking ding 10 clad- 


pieces accor 
ding thickness. 
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© ALLen 8. DEMONT LABORATORIES 


/® Write for Literature...) & : 


enruuen Cll s Ila 


INC., PASSAIC, NEW JERSEY + CABLE ADDRESS: ALBEEDU, PASSAIC, N. J 
a “ES 


Paes 


494 KING ST., EAST, TORONTO, ONTARIO 


ALLEN B. DUMONT LABORATORIES, 
Reece Ga et FN. AD. __ 
IN CANADA: CYCLOGRAPH SERVICES, LTD, & 
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